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FOREWORD 

This equipment manual contains specifications, drawings, and 

procedures for the PUMA Mark III 700 Series Robots. This manual 

is intended for use as a reference source only by personnel who 

have satisfactorily completed the PUMA Robot Training Course. 

Note 

This manual covers all areas required to 

support the PUMA Mark III 700 Series Robots. 

However, since this is the first edition for 

a new product, we encourage you to complete 

the "Readers Comment Page" found at the rear 

of this manual. 

The furnishing of this document does not constitute or imply a 

grant of any license under any patents, patent applications, 

trademarks, copyrights or other rights of Seller or of any third 

party. 

The information contained herein is the property of Unimation 

Incorporated and shall not be reproduced in whole or in part with¬ 

out prior written approval of Unimation Incorporated. 

Please note that specifications contained herein are subject to 

change by Unimation Incorporated without prior notice. This manual 

is periodically reviewed and revised to accurately reflect and 

incorporate improvements and engineering changes made on equipment. 

Unimation Inc. is not responsible for errors or omissions that may 

appear in the drawings and specifications in this manual. 

Note 

Machines made prior or subsequent to the 

publication date of this manual may have 

parts, systems, or configurations that are 

not covered herein. Please contact the 

Customer Service Department when this is 

the case. (See following page.) 

© May 1986 by Unimation Incorporated 

All Rights Reserved 
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SAFETY SUMMARY 

The following is mandatory reading for all personnel who find 
themselves in or around the area the PUMA Robot can reach. 

I. This equipment manual is NOT a self-teaching vehicle. 
It is intended for use by personnel who have attended 
the PUMA Robot Training Course conducted by Unimation 
Incorporated and have a basic knowledge of the PUMA 
robot. 

Failure to comply with the above and subsequent warnings 
can result in serious injury to personnel and/or major 
damage to the PUMA Robot. 

II. There are three levels of special notation used in this 
manual. In descending order of importance, they are: 

WARNING | 

Used to signify that when the statement is not 
complied with, serious injuries will occur to 
personnel and/or major damage will be inflicted 
on the PUMA Robot. 

CAUTION 

Used to signify that when the statement is not 
complied with, the PUMA Robot may be inflicted 
with minor to near major damage. 

Note 

Used to give supplementary information or to 
emphasize a point, procedure, functional check, 
etc. 
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III. Comply with the following warnings: 

DO NOT'S 

1. DO NOT replace components or make adjustments to the 
equipment with electrical or pneumatic supply turned 
on. 

2. DO NOT attempt to move the robot arm from the shipping 
position until it has been securely mounted. 

3. DO NOT block cooling fans when positioning the control¬ 
ler. Make sure that unobstructed air flow is available 
for controller cooling. Overheating of controller will 
shorten component life and cause malfunction. 

4. DO NOT press ARM POWER OFF pushbutton while arm is 
moving except for an emergency stop. 

5. DO NOT connect or disconnect cables to any connection 
port unless power has been removed from PUMA arm and 
control cabinet assembly. 

6. DO NOT use EMERGENCY STOP pushbutton to remove arm power 
under normal operating conditions. 

DO'S 

1. DO ensure that operating and service personnel observe 
all safety regulations. 

2. DO ensure that PUMA working area is enclosed by a fence 
or other appropriate barriers to prevent personnel from 
walking within the reach of the PUMA arm. 

3. DO realize when establishing a barrier position/ con¬ 
sideration must be given to the maximum reach of the 
PUMA arm, even it its work functions are limited to a 
smaller area. 
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WARNING | 

4. DO ensure working area is kept clear of all obstructions. 
If obstructions cannot be removed, they must be avoided 
by appropriate programming. It is important to ascertain 
before installation that if obstructions are present, 
they will not prevent the PUMA from accomplishing its 
assigned task. 

5. DO ensure that a user implement, or user implement and 
carried object, have less inertia than the maximum rated 
load capacity of the robot arm. 

6. DO follow proper sequence when connecting components 
to line power. 

7. DO turn off all controller power and unplug controller 
from line power before removing or installing a fuse. 
Correctly rated fuse must be used. 

8. DO start motion at slow speed. When arm paths are fully 
defined and tested, speed may be increased. 

9. DO realize that in Free Mode, motor brakes are not 
applied so joint is free from any constraint. 

10. DO ensure that arm power is off before inspecting gears. 

11. DO keep one hand on ARM POWER OFF pushbutton when 
troubleshooting joint(s) that are suspect to move out 
of control. Leave ARM POWER ON just long enough to see 
arm motion before hitting the OFF pushbutton. 

12. DO ensure that controller and all peripherals are dis¬ 
connected from line power before connecting controller 
to robot arm with appropriate cable. 

13. DO ensure that operator, all personnel, and obstructions 
are outside the reach of the PUMA arm before plugging 
either terminal or controller into line power. 

14. DO ensure that controller and external connections 
are disconnected from line power before making any 
connections. 

15. DO ensure that operator, all personnel, and obstructions 
are clear of PUMA arm maximum reach before pressing ARM 
POWER ON pushbutton. 



16. 

WARNING 

EX) keep other hand near ARM POWER OFF pushbutton when 
pressing ARM POWER ON pushbutton. This is for emergency 
stop only. 

17. Do beware of obstacles as arm proceeds directly to 
beginning of program following program suspension and 
reexecution. 

18. DO ensure that arm power and local power (AC) are turned 
off before inserting or removing any PC boards or com¬ 
ponents from the controller (indicated by both front 
panel lights being off). 

19. DO ensure that all PC boards, motors, and harnesses 
are returned to their original location after a 
testing procedure. Replace faulty parts. 

xiii 



Figure 1-1. Unimate PUMA 700 Series, Mark III-VAL II System 
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CHAPTER 1 

INTRODUCTION AND DESCRIPTION 

1-1. INTRODUCTION 

The Unimate PUMA 700 Series Robots are high payload, computer- 
controlled electric robots manufactured by Unimation Incorpor¬ 
ated, A Westinghouse Company. 

The PUMA 700 series includes two models. Model 761 has a 10 kg 
(22-pound) payload with a 1511 mm (59-inch) reach to the center 
of the wrist. Model 762 has a 20 kg (44-pound) payload with a 
1250 mm (49-inch) reach to the center of the wrist. (Figure 
1-1 depicts Model 762.) 

This equipment manual contains an introduction and description, 
installation data, operating instructions, maintenance pro¬ 
cedures, troubleshooting and service procedures, a partial parts 
list, appendixes, and a glossary. 

The programming manual, entitled "User's Guide To VAL II 
(Version 2.0), 398AG1," contains instructions on how to write 
and execute programs- for the PUMA 700 series. 

The mechanical and electrical drawings are contained in two 
separate manuals as follows: 

PUMA 700 Series, Mark III-VAL II, Mechanical Drawing 
Set (Models 761/762), 394V1 

PUMA 700 Series, Mark III-VAL II, Electrical Drawing 
Set (Models 761/762), 394W1 

Personnel responsible for programming and operating the PUMA are 
expected to attend the training course given by Unimation. They 
must also have complete understanding of all information given in 
the equipment and programming manuals. The combined information 
from the training program and manuals will ensure safe and effi¬ 
cient operation of the PUMA robot. 
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1-2. DESCRIPTION - PUMA SYSTEM AND SOFTWARE 

1-2-1. PUMA SYSTEM. The PUMA robot system is designed to adapt 
to a wide range of applications. The two basic units are the con¬ 
troller and the robot arm. Power and data are transmitted between 
the two units through two interconnect cables (a power cable and 
a signal cable). The controller houses the components that 
control and power the robot arm. The major components of the 
controller are the control module (computer and software), power 
component chamber I/O board, ventilation and cooling system, and 
peripherals (Video Display Terminal (VDT)/disk drive unit, and a 
teach pendant). All of the components are needed to operate the 
700 series except the I/O system. Figure 1-2 shows a block 
diagram of the PUMA system. 

The system software 
VAL II is stored in 
The controller also 
system. 

that controls the robot arm is called VAL II. 
the computer memory of the control module, 
houses the operating controls for the robot 

' Note 

Operational controls and indicators are located 
on the front panel of the controller. Functional 
descriptions of each control and indicator are 
given in Chapter 3. 

Before a PUMA program can be run, the system must be provided 
with a list of instructions for actions to be taken, and a list 
of locations at which these actions are to be performed. To 
teach the PUMA system (record a program), a variety of methods 
can be used: 

a. The teach pendant is used to manipulate the tool to 
desired locations. Then, a teach pendant button is pressed to 
record the location and an instruction for the robot to move to 
that location. 

b. In a second method, program steps are recorded through the 
VDT key board, while the teach pendant is used to record locations. 

c. A third method permits program steps and locations to be 
recorded through the VDT keyboard. 

In any of these programming methods, all taught points are 
stored as transformations (referenced to a coordinate system 
fixed relative to the stationary robot base) or precision points 
(position information stored in the form of joint angles). 
Real-time computations are performed during the actual running of 
the robot program to convert the stored data to position 
information. 
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The controller transmits the instruction from the computer memory 
to the arm. Position data, obtained from incremental encoders 
and potentiometers in the robot arm, are transmitted back to the 
controller to provide closed loop control of arm motion. 

Programs may be stored external to the controller on floppy disk 
using the disk drive housed in the VDT. 

The PUMA can be programmed to interact with its environment by 
using input, output, and control signals. External input signals 
can be used to halt a program, or branch to another program or 
subroutine. For example, an input signal can stop the program when 
safe operation is impaired or when a part enters the work envelope. 
External output signals allow the PUMA system to control other 
equipment in the work environment (for example, starting a drill 
press after the arm has carried a part to the press). External 
control signals are used to control the PUMA system from a remote 
station (for example, initiating the auto start sequence). In 
addition, the PUMA system may be interfaced with and controlled 
by external intelligent equipment through a serial communications 
line (refer to Part 2 and Part 3 of the "User's Guide to VAL II"). 

The robot arm executes the instructions transmitted to it by the 
controller. The arm is capable of rotational movement around six 
axes. The axes of rotation are shown in Figure 1-3. The robot 
arm is described in detail in paragraph 1-4. 

1-2-2. SOFTWARE. The PUMA system operates on a high level 
language called VAL II. In addition to being a sophisticated 
robot programming language, VAL II is a complete robot control 
system. 

The VAL II programming language consists of a full set of English 
language instructions for programming and editing. VAL II messages 
may be selected at system boot time in English, French, German, 
or Spanish (refer to your "User's Guide"). In addition to 
operating the PUMA, the VAL II control system has been designed 
to readily communicate with other computer-based systems such as 
vision and tactile sensors. 

As previously stated, robot programming can be accomplished using 
the teach pendant or terminal keyboard. However, the full versa¬ 
tility of VAL II can only be realized through the keyboard. 
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1-3. DESCRIPTION CONTROLLER 

The following paragraphs provide detailed descriptions of the 
major components of the controller. 

1-3-1. CONTROL MODULE. The control module is the master compo¬ 
nent of the electrical system. All signals to and from the robot 
arm pass through the control module (Figure 1-4). The signals 
are used to perform real-time calculations that control arm move¬ 
ment and position. 

VAL II software, stored in the computer memory, interprets the 
operating instructions for the robot arm. The motors are driven 
through a process involving computation of LSI-11 for position 
command, calculation of motor drive by digital processor, and 
power amplification. In the robot arm, incremental encoders 
monitor the arm position. The position data is returned to the 
control module to provide closed-loop control of arm motion. 

The control module is a rack-mounted assembly accessible from the 
front and rear of the control cabinet. The main internal compo¬ 
nents of the control module are listed below. Their locations are 
shown Figure 1-4. Additional information can be found in Table 1-8. 

a. Control card set (accessible from front of controller) 
b. Power card set (accessible from front of controller) 
c. 115V/24V chassis assembly (accessible from rear of controller) 
d. 60V high power chassis (accessible from front of controller) 
e. DC low power chassis (accessible from rear of controller) 
f. Fan assembly (accessible from front of controller) 

The following paragraphs provide descriptions of each. 

1-6 



DC LOW 

POWER CHASSIS 

Figure 1-4. Control Module 

1-7 



1—3—1—1• Control Card Set. The control card set, located in the 
upper rack of the control module (Figure 1-2), consists of the 
following components: 

a. LSI-11/73 Central Processing Unit (CPU) 
b. 64Kw Complementary Metallic Oxide Semiconductor (CMOS) 

Random Access Memory (RAM) Board 
c. DLV-ll/J Quad Serial Board (2 standard) 
d. Parallel I/O Interface Board 
e. Analog-to-Digital Converter (option) 
f. Non-standard I/O Modules (option) 
g. "A" Interface Board 
h. "B" Interface Board 
i. Digital Servo Boards (6) 
j. Arm Signal Interface Board 

The cards are seated in the 26-slot control backplane (Figure 1-5). 
Items a through f (slots 1-12) comprise the system control section; 
items i and j (slots 15-20, 26), the arm control section; and items 
g and h (slots 13 and 14) interface these two sections. A descrip¬ 
tion of each component is given below. 

1—3—1 — 1 — 1. LSI-11/73 CPU. The LSI-11/73 is the central processor 
of the computer system and runs all system programs. 

1-3-1-1-2. 64Kw CMOS RAM. The memory board provides user memory and 
stores the VAL II software load. On-board battery backup retains 
data for 30 days (batteries are charging whenever the controller is 
on). As an option, increased memory may be added to increase user 
storage capacity. 

1-3-1-1-3. DLV-ll/J Quad Serial Boards. The DLV-ll/J is a four-port 
asynchronous serial interface board that links the processor to the 
VDT (via RS232 interface), teach pendant, floppy disk drive, and 
an optional accessory. A second DLV-ll/J board is provided to link 
the processor with external systems that enable the DIGIMIG option, 
SUPERVISOR function, and ALTER instruction. 

1-3-1-1-4. Parallel I/O Interface Board. The parallel I/O interface 
board provides parallel line communication between the processor and 
I/O boards for 32 input and 32 output signals. 

1-3-1-1-5. Analog-to-Digital Converter (Option). The optional 
analog-to-digital converter provides the capability to accept up 
to 16 analog inputs in the -10 VDC to +10 VDC range (with pro¬ 
grammable gains of IX, 2X, 4X, and 8X), and to send two analog 
outputs in the -10 VDC to +10 VDC range. 
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1 — 3 —1 — 1 —6 - Nonstandard I/O Modules. Other compatible I/O modules 
can be added to the system for special applications. Refer to 
the "User's Guide to VAL II/" and consult Unimation Field service 
Department for information. 

1-3-1-1-7. "A" Interface Board. The "A" interface board provides 
parallel line communication to and from the digital servo boards 
and links the CPU to the "B" interface board (described in the 
following paragraph). The "A" interface board accommodates the two 
Erasable Programmable Read-Only Memory (EPROM) boot chips required 
to load VAL II software into memory. It also contains an analog- 
to-digital converter that reads the joint potentiometers for coarse 
absolute position. 

1-3-1-1-8. "B" Interface Board. The "B" interface board links the 
system control section of the control card set, through the "A" 
interface board, to each digital servo board. Once the commands 
or data have been interpreted and acted upon, return signals are 
sent to the CPU through the "A" interface board. The clock fre¬ 
quency is generated on this board, divided down, and distributed 
to the entire control system. The "B" interface board also per¬ 
forms power monitoring functions. 

1-3-1-1-9. Digital Servo Boards (6). There are six digital servo 
boards, one for each joint. Each digital servo board is equipped 
with a separate microprocessor (type 6503). Position inputs 
from the computer, as dictated by the LSI-11 calculations, are 
fed into each digital servo board every 28 milliseconds. A 
digital servo loop uses positional and derived velocity feedback 
from the encoders, combined with the position inputs, to 
calculate drive signals for the power amplifiers (digital 
information is fed through digital-to-analog converters on each 
digital servo board to generate the analog drive signal). 
Communications to and from each digital servo board to the LSI-11 
are controlled by a protocol defined by the "A" and "B" interface 
boards and the servo codes. 

1-3-1-1-10. Arm Signal Interface Board. The arm signal interface 
board performs the following functions: 

a. Filters and then links encoder feedback signals to the 
controller backplane, which then distributes the signals to the 
digital servo boards. It also filters potentiometer feedback signals 
before sending them to the "A" interface board for conversion. 

b. Supplies power to the encoders and potentiometers (poten¬ 
tiometer power is distributed separately and returned to the 
backplane for use in a ratiomatic conversion in the analog-to- 
digital converter). 
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c. Detects the loss of any encoder line and outputs a fault 
signal to the LSI-11, as well as indicating the defective channel 
through an LED. 

1-3-1-2. Power Card Set. The components of the power card set 
are located in the lower rack of the control module and inside 
the rear door of the controller (see Figure 1-6). The power 
card set consists of the following components: 

a. "C" Interface Board 
b. High Power Function Board 
c. Power Amplifier Boards 

Note 

The power amplifier boards for Joints 4, 5, 
and 6 are located in the power card set. The 
power amplifier boards for Joints 1,2, and 3 
are located on the rear door of the controller 
(they generate more power and are therefore 
mounted on external heat sinks). 

A description of each component is given in the following para¬ 
graphs . 

1-3-1-2-1. "C" Interface Board. The "C" interface board provides 
power enabling functions such as Arm Power Enable and Brake Release 
Enable (both are enabled through the power latch). 

Arm power (along with other functions) can be controlled locally 
or remotely, depending on the position of the LOCAL/REMOTE key 
switch on the front panel of the controller. 

The brakes can also be released manually through the BRAKE RELEASE 
ENABLE selector switch and BRAKE RELEASE pushbutton (activating 
these controls disables the power latch and consequently disables 
arm power). 

The "C" interface board also detects a number of fault conditions: 

a. Power Amplifier Faults 
(1) from minor joint power amplifiers in power amplifier 

backplane 
(2) from major joint power amplifiers on rear door. 

b. Emergency Stop Conditions: 
(1) from VAL II 
(2) from any Emergency Stop pushbutton 

c. Activation of a Joint Limit switch 
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d. Loss of the Run Ind signal when the CPU is not running the 
system software (i.e., VAL II) and drops into Octal Debugging Tool 
(ODT). Refer to "User's Guide to VAL II." 

e. Excessive controller temperature through a switch that trips 
at 60°C. 

There are four switches on the front of the "C" interface board, 
three Reset switches and a Run/Halt (VAL II/ODT) switch. 

1-3-1-2-2. High Power Function Board. The high power function 
board generates the voltage necessary to release servomotor 
brakes on the robot arm. Brakes can be released by VAL II or 
manually through the BRAKE RELEASE ENABLE selector switch and 
BRAKE RELEASE pushbutton. The high power function board also 
controls the pneumatic solenoids located in the robot arm. 

1-3-1-2-3. Power Amplifier Boards. The pulse-width modulated 
(PWM) power amplifiers supply power to the servomotors of the 
robot arm as directed by the digital servo boards. 

The term "pulse-width modulated" infers that the amplifiers switch 
the constant IX supply voltage on through the positive motor direc¬ 
tion and then the negative motor direction at a variable percentage 
of the 360-degree cycle. Cycle time is fixed in the major joint 
amplifiers, but is variable in the minor joint amplifiers. By 
adjusting the "positive time" versus the "negative time" of the 
cycle, an adjustable current at the motor is established. By 
supplying power in this manner, the PWM power amplifiers generate 
less waste heat than a "linear" amplifier (in which transistors 
vary the current). 

The bidirectional four-quadrant amplifiers are protected against 
any normal external fault condition and are equipped with line 
chokes to reduce motor heating. 

In an emergency stop situation (system software identifies a 
servo error, an electrical limit switch is tripped, or a mech¬ 
anical stop is reached), the power amplifiers disconnect power 
to the motors and activate dynamic braking. 

1-3-1-3. 115V/24V Chassis Assembly. The 115V/24V chassis assembly 
is located in the bottom section of the control module housing 
assembly. It contains an electromagnetic interference (EMI) 
filter for the the 115 VAC supply from the transformer (located 
in the power component chamber). A relay contact on this chassis 
controls the 115 VAC source for the low voltage (+5V, -12V, +12V, 
-*-24V) power supply, the fan tray, the 60V power supply, and a 
duplex socket for accessories. 
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The primary function of the 24 VDC power supply is to control the 
115 VAC power relay (addressed above). The 24 VDC supply is ener¬ 
gized whenever the transformer is energized (disconnect switch at 
the rear of the control cabinet is in the ON position). When the 
24 VDC power supply is energized, the Line Power indicator on the 
front panel of the control cabinet goes on and 24 VDC for the Main 
Power key switch is supplied. The 24 VDC supply is also used by 
the "CX" board for remote control of 115 VAC and main power. 

1-3-1-4. 60V High Power Chassis. The 60V high power chassis is 
located at the front of the control module assembly and provides 
(through a transformer, rectifier, and capacitior) a 60 VDC 
supply at a continuous rating of 10 amps to to the power card 
set. An "hours run" meter, mounted on the front of the chassis, 
registers the elapsed time that power is available to the 
servomotors. 

1-3-1-5. DC Low Power Chassis. The DC low power chassis is lo¬ 
cated at the back of the control module assembly. It receives 
115V from the 115/24V chassis (mounted below it) and supplies +5 
VDC, +12 VDC, and +24 VDC to the control backplane for distribu¬ 
tion. 

1-3-1-6. Fan Assembly. The control module fan assembly is 
mounted between the control and power card sets of the control 
module. It consists of two 6-inch and two 3-inch fans that pro¬ 
vide air flow over the cards and power supplies within the 
control module. From the top of the control module, the air 
flows to the heat exchanger in the top panel of the control 
cabinet. 

The control module fans run whenever power is supplied to the 
control module. For a complete description of the control 
cabinet ventilation and cooling system, refer to paragraph 1-3-3. 

1-3-2. DESCRIPTION - POWER COMPONENT CHAMBER. The power compo¬ 
nent chamber (Figure 1-7) houses a 3-phase flat pack transformer, 
an electromagnetic interference (EMI) filter, the power panel 
subassembly, and the outside air fan housings. 

The transformer is rated at 4.5 KVA, 3-phase, and is equipped to 
receive a 240V, 380V, 415V, 440V, or 480V main supply. It 
provides 3-phase 85V at 3 KVA to the major power amplifiers and 
115V single phase at 1.5 KVA to the power component chamber and 
outside air fans. 
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The EMI filter provides high noise attenation and surge voltage 
protection for the power system. 

The power panel subassembly supplies 115V to the heat exchanger 
fan, 115V/24V chassis, and an auxiliary connector. It houses a 
15A circuit breaker equipped with a neon indicator that remains 
lit unless the circuit is broken. 

1-3-3. DESCRIPTION - VENTILATION AND COOLING SYSTEM. The dual 
ventilation and cooling system (Figure 1-8) consists of two sub¬ 
systems: a ventilated external air system and an internal air 
chamber system. Both systems incorporate the contra-flow air-to- 
air heat exchanger located in the top panel of the controller. 

In the ventilated external air system, two 6-inch fans draw ex¬ 
ternal air through a coarse filter and over the heat exchanger. 
From the heat exchanger, air passes through ducts to the power 
component chamber and is exhausted through vents in the control¬ 
ler base. The internal air chamber is a sealed unit that 
provides protection against solid and liquid contaminants in 
accordance with sealing standards IP54 and NEMA12. In the 
internal air chamber system, the control module fan assembly 
(refer to paragraph 1-3-1-6) draws air from the base of the 
internal air chamber through the power and control card sets, 
and thrusts the resultant warm air toward the heat exchanger in¬ 
take chamber. Another fan draws the air over the heat exchanger 
and thrusts the resultant cool air downward toward the base of 
the internal air chamber. 

The interaction of the ventilated external air system and internal 
air chamber system facilitates transfer and removal of heat from 
sealed controller, ensuring safe operation in hostile environments. 
The coarse air filters must be cleaned periodically (refer to Chap¬ 
ter 4, Routine Maintenance). 

1-3-4. DESCRIPTION - I/O SYSTEM. The I/O system serves as 
an interface between the PUMA system and external equipment. 
Using various VAL II commands, the user can control external 
equipment through external output signals or respond to any one 
or a combination of external events through external input sig¬ 
nals. In addition, the controls and indicators on the front 
panel of the controller can be activated from an external loca¬ 
tion through external control signals. The I/O boards are 
described in detail in Chapter 2. 
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1-3-5. DESCRIPTION - CONNECTOR PANEL. The connector panel is 
mounted to the rear of the controller. It houses connectors for 
the external input, output, and control lines; AC power input 
line, VDT power output line; analog input/output line; and power 
signal harnesses. The connector panel also contains the peripheral 
interconnect printed circuit assembly, a double-sided printed 
circuit assembly equipped with eight connectors to provide an 
interface for the following: 

a. System terminal and disk drive 

Note 

In the standard controller configuration, 
connector J10 serves as an interface for the 
terminal and enclosed disk drive. If the 
disk drive and terminal are mounted separa¬ 
tely in your system, connector J10 is used 
for the terminal and connector J12 is used 
for the disk drive. 

b. Teach pendant 
c. Port disabled (unless disk drive is separate) 
d. Accessory/spare 
e. DIGIMIG (option) 
f. SUPERVISOR function (option) 
g. ALTER instruction (option) 

The peripheral interconnect printed circuit assembly is equipped 
with a baud rate select relay. In the standard configuration, 
the user may select 300 or 9600 baud. The relay is controlled by 
the "Printer Mode" pushbutton on the VDT. 

1-3-6. DESCRIPTION - PERIPHERALS. The peripheral components for 
the PUMA system are used to input or receive information. These 
consist of a VDT/disk drive unit and a teach pendant. 

1-3-6-1. VDT/Disk Drive Unit. The VDT/disk drive unit (Figure 
1-9) has a VDT (video display terminal), which consists of a 
keyboard (standard typewriter format) combined with a video dis¬ 
play monitor, and a high-density floppy disk drive. 

1-3-6-1-1. VDT. The VDT is used to teach and edit programs and 
communicate with the control system. The terminal uses the 
standard RS-232C interface and operates at 9600 baud. (A baud is 
a unit of data transmission speed.) Normally, this is specified 
in bits per second, with ten bits (eight of which are bits of 
data) required to represent each character. The 9600 baud is 
equivalent to 9600 bits per second, and therefore 960 characters 
per second. 
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1-3-6-1-2. Disk Drive Unit. The high-density floppy disk drive 
unit is a random access, intelligent, mass-storage floppy disk 
system. It uses double-sided, double-density, 5-1/4 inch mini¬ 
floppy diskettes that store 600 kilobytes of data. 

The control circuitry of the unit is located on a single circuit 
board. The controller uses a microprocessor to reduce disk hand¬ 
ling and the file and communications management load on the host 
system. This controller can support one or two drives. 

1-3-6-2. Hardcopy Printer. As an option, a hardcopy (dot matrix 
printout) unit can be used in addition to the VDT. The printer 
operates at 300 baud. A typical printer is illustrated in Figure 
1-10. The printer unit is plugged into the rear of the VDT for 
both power and serial (RS232C) communications using Unimation 
cables. When the PRINTER pushbutton on the VDT is activated, the 
printer will echo all VDT characters. The baud rate is 
automatically reduced to 300 baud. 

Refer to Table 1-8 for additional information on the VDT and the 
printer. 

1-3-6-3. Teach Pendant. The microprocessor based teach pendant 
(Figure 1-11) is used to position the robot arm by manipulating the 
joints. Several teach modes are available to provide complete 
teaching flexibility. The Joint, Free, World, and Tool Modes are 
described in Chapter 3. Arm positions may be recorded and stored 
in the memory with the RECORD pushbutton. Arm velocity is 
controlled with a three-position toggle switch. The pneumatic 
gripper can be set by the clamp switches. 

An alphanumeric display communicates error and status messages to 
the user (refer to Chapter 3 for information on the teach pendant). 
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Figure 1-10. Typical Hardcopy Printer 

Figure 1-11. Teach Pendant 
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1-4. DESCRIPTION - ROBOT ARM 

The robot arm is the mechanical component of the PUMA system. 
It is similar to a human torso, shoulder arm, and wrist. The 
arm can be positioned in either a right-hand or left-hand con¬ 
figuration. The robot arm contains members that are connected 
to each other at joints. Through each joint passes one or more 
axes about which the members rotate. The joints are driven and 
controlled by servomotors. The arm is sufficiently flexible to 
be taught a wide variety of tasks. 

The components of the robot arm are the trunk, shoulder, upper 
arm, forearm, wrist, and mounting flange (Figure 1-12). The arm 
members contain the servomotors, drive trains, electrical harn¬ 
esses, braking systems, and pneumatic system. 

The joint axes and ranges of rotation are shown in Figure 1-13. 
The robot arm axes are described in Table 1-1. The joints of the 
PUMA arm are driven by permanent magnet servomotors. The PUMA 
system requires control of both position and velocity. Position 
is determined using potentiometers and incremental optical 
encoders. The encoders utilize a disk with "windows" attached to 
the shaft. As the shaft rotates, LED's and photodetectors 
provide an incremental pulse train that is counted by the digital 
servo boards. Velocity is calculated from encoder signals. 

Each time the system is powered up, the arm must make a calibra¬ 
tion move to find a high accuracy encoder index mark. An index 
mark is accessible once during each revolution of the encoder 
disk. To perform a calibration, a coarse potentiometer reading 
is used to calculate the actual index position of a given joint. 
The initial encoder counts are then set by a command from VAL II 
to the joint servo code. Once the joint servo counters have been 
initialized, the potentiometer is not used again until the next 
calibration. 

The servomotors are equipped with electromechanical disk brakes 
that support and lock the arm in a fixed position. The brakes 
are released by the controller when arm power is on. The 
servomotors are also equipped with dynamic braking. Dynamic 
braking is initiated in "runaway" emergency conditions to slow a 
servomotor. In this condition, the high signal is removed from 
the controlling relay that disconnects power to the servomotors 
and causes a resistor to be placed across the motor terminals, 
which dissipates the motor kinetic energy. 
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Figure 1-13. Robot Arm Joint Axes and Ranges of Rotation 
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Table 1-1. Robot Arm Axes 

AXIS DESCRIPTION 

Waist - Joint 1 Joint 1 axis is perpendicu¬ 
lar to the mounting plane 
and coincident with the cen¬ 
terline of the trunk. 

Shoulder - Joint 2 Joint 2 axis is perpendicu¬ 
lar to and intersects Joint 
1 axis. It is coincident 
with the centerline of the 
shoulder. 

Elbow - Joint 3 Joint 3 axis is parallel to 
Joint 2 axis. 

Wrist Roll - Joint 4 Joint 4 axis is perpendicu¬ 
lar to and intersects Joint 
3 axis. It is coincident 
with the centerline of the 
forearm. 

Wrist Bend - Joint 5 Joint 5 axis is perpendicu¬ 
lar to and intersects Joint 
4 axis. 

Wrist Swivel - Joint 6 Joint 6 axis is perpendicu¬ 
lar to and intersects Joint 
5 axis. Joint 6 axis is co¬ 
incident with centerline of 
the mounting flange. 
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The major joints are equipped with limit switch shutoff systems. 
These backup systems are positioned 2 degrees past the software 
stops. When a limit switch is tripped, dynamic braking is 
activated, electromechanical brakes are applied, and arm power is 
turned off and suppressed. Joints 1 and 2 are also equipped with 
mechanical stops. The systems consist of stops and blocks 
positioned to engage 10 or more degrees past a software stop. 
When a block contacts a stop, further joint rotation is 
prevented. Refer to Figure 1-14. 

Two harnesses connect the controller to the robot arm. Power 
to the servomotors and brakes is applied through the high power 
harness. Potentiometer and encoder feedback signals are trans¬ 
mitted through the lower power harness. 

All six joints are equipped with joint rotation indicator scales as 
shown in Figure 1-15. The scales are scribed in 5-degree increments 
and indicate the position of a joint. The scales can be used in 
checking initial calibration, generating user programs, and perform¬ 
ing certain maintenance procedures. 

The following paragraphs provide descriptions of the drive trains 
of each joint of the robot arm. 

1-4-1. WAIST - JOINT 1. The Joint 1 drive train is housed in 
the shoulder. Refer to Figure 1-16 and Table 1-2. 

Table 1-2. Joint 1 Drive Train 

COMPONENT FUNCTIONAL DESCRIPTION [ 

Joint 1 
JT1-G1 

Servomotor Joint 1 servomotor transmits 
power through JT1-G1 to drive 
JT1-G2. 

JT1-G2 
JT1-Intermediate Cartridge 1 

JT1-G2 transmits power through 
JTl-lntermediate Cartridge 1 
to drive JT1-G3. 

JT1-G3 
JT1-G4 

JT1-G3 rotates about JT1-G4 
to drive rotation about 
Joint 1 axis. 
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Figure 1-14. Robot Arm Backup Braking Systems 
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Figure 1-16. Joint 1 Drive Train 



1-4-2. SHOULDER - JOINT 2. The Joint 2 drive train is housed in 
the upper arm. Refer to Figure 1-17 and Table 1-3. 

Table 1-3. Joint 2 Drive Train 

COMPONENT FUNCTIONAL DESCRIPTION 

Joint 2 Servomotor 
JT2-G1 

Joint 2 servomotor transmits 
power through JT2-G1 to drive 
JT2-G2. 

JT2-G2 
JT2-Intermediate Cartridge 1 
JT2-G3 

JT2-G2 transmits power through 
JT2-Intermediate Cartridge 1 
and JT2-G3 to drive JT2-G4. 

JT2-G4 
JT2-Intermediate Cartridge 2 

JT2-G4 transmits power through 
JT2-Intermediate Cartridge 2 
to drive JT2-G5. 

JT2-G5 
JT2-G6 

JT2-G5 rotates about JT2-G6 
to drive rotation about 
about Joint 2 axis. 
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JT2 

SERVOMOTOR 

JT2 INTERMEDIATE 

CARTRIDGE 1 

JT2 INTERMEDIATE 
CARTRIDGE 2 

Figure 1-17. Joint 2 Drive Train 
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l“4-3. ELBOW - JOINT 3. The Joint 3 drive train is housed in 
the upper arm. Refer to Figure 1-18 and Table 1-4. 

Table 1-4. Joint 3 Drive Train 

COMPONENT FUNCTIONAL DESCRIPTION 

Joint 3 Servomotor Joint 3 servomotor transmits 
JT3-G1 power through JT3-G1 to drive 

JT3-G2. 

JT3-G2 JT3-G2 transmits power through 
JT3-Intermediate Cartridge 1 i JT3-Intermediate Cartridge 1, 
Joint 3 Drive Shaft Joint 3 Drive Shaft, JT3- 
JT3-Intermediate Cartridge 2 Intermediate Cartridge 2, and 
JT3-G3 JT3-G3 to drive JT3-G4. 

JT3-G4 JT3-G4 transmits power through 
JT3-Intermediate Cartridge 3 JT3-Intermediate Cartridge 3 

to drive JT3-G5. 

JT3-G5 JT3-G5 drives JT3-G6 about 
JT3-G6 Joint 3 axis. 
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JT3 
SERVOMOTOR 

JT3-G1 

JT3-G2 

JT3 INTERMEDIATE- 
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CARTRIDGE 2 

JT3-G3 

JT3-G4 

JT3 INTERMEDIATE 
CARTRIDGE 3 

Figure 1-18. Joint 3 Drive Train 
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1-4-4. WRIST - JOINT 4. The Joint 4 drive train is housed in 
the forearm. Refer to Figure 1-19 and Table 1-5. 

Table 1-5. Joint 4 Drive Train 

COMPONENT FUNCTIONAL DESCRIPTION 

Joint 4 Servomotor Joint 4 servomotor transmits 
JT4-G1 power through JT4-G1 to drive 

JT4-G2. 

JT4-G2 JT4-G2 transmits power through 
JT4-Intermediate Cartridge 1 JT4-Intermediate Cartridge 1 
JT4-G3 and JT4-G3 to drive JT4-G4. 

JT4-G4 JT4-G4 transmits power through 
Joint 4 Drive Shaft Joint 4 Drive Shaft, JT4- j 
JT4-Intermediate Cartridge 2 Intermediate Cartridge 2 and 
JT4-G5 JT4-G5 to drive JT4-G6. 

JT4-G6 JT4-G6 transmits power through 
Drive Tube Drive Tube causing wrist to 

rotate about Joint 4 axis. 
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Figure 1-19. Joint 4 Drive Train 
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1-4-5. WRIST - JOINT 5. The Joint 5 drive train is housed in 
the forearm and wrist. Refer to Figure 1-20 and Table 1-6. 

Table 1-6. Joint 5 Drive Train 

1 COMPONENT FUNCTIONAL DESCRIPTION 

Joint 5 Servomotor Joint 5 servomotor transmits 
JT5-G1 power through JT5-G1 to drive 

JT5-G2. 

JT5-G2 JT5-G2 transmits power through 
JT5-Intermediate Cartridge 1 JT5-Intermediate Cartridge 1, 
Joint 5 Drive Shaft 1 Joint 5 Drive Shaft 1, JT5- 
JT5-Intermediate Cartridge 2 Intermediate Cartridge 2, and 
JT5-G3 JT5-G3 to drive JT5-G4. 

JT5-G4 JT5-G4 transmits power through 
Joint 5 Drive Shaft 2 Joint 5 Drive Shaft 2 and 
JT5-G5 JT5-G5 to drive JT5-G6 about 
JT5-G6 Joint 5 axis. 
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JOINT 5 AXIS 

Figure 1-20. Joint 5 Drive Train 
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1 4—6. MOUNTING FLANGE — JOINT 6. The Joint 6 drive train is 
housed in the forearm and wrist. Refer to Figure 1-21 and 
Table 1-7. 

Table 1-7. Joint 6 Drive Train 

COMPONENT FUNCTIONAL DESCRIPTION 

Joint 6 Servomotor 
Joint 6 Drive Shaft 
JT6-G1 

Joint 6 servomotor transmits 
power through Joint 6 Drive 
Shaft and JT6-G1 to drive 
JT6-G2. 

JT6-G2 
JT6-Gear Shaft 1 
JT6-G3 

JT6-G2 transmits power through 
JT6-Gear Shaft 1 
and JT6-G3 to drive JT6-G4. 

JT6-G4 
JT6-Intermediate Cartridge 1 
JT6-G5 
JT6-G6 

JT6-4 transmits power through 
JT6-Intermediate Cartridge 1 
and JT6-G5 to drive JT6-G6 
about Joint 6 axis. 
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Figure 1-21. Joint 6 Drive Train 



1-5. SAFETY AND MACHINE PROTECTION CONSIDERATIONS 

The following paragraphs describe some of the protection features 
incorporated in the software and hardware of the robot to prevent 
damage to the robot and its surroundings. 

1-5-1. VAL II ROBOT CONTROL SOFTWARE. 

a. Initialization Checks. During the power-up sequence, each 
joint is checked to ensure it is working normally and the servo 
processor is responding properly. If anomalies are found, arm 
power cannot be applied. 

b. Acceleration and Velocity Limits on Each Joint. During 
the planning phase of a move trajectory, VAL II checks the limita¬ 
tions of each joint to determine if the required movement at the 
joint is feasible. VAL II limits the time of a move based on the 
slowest joint. This prevents excessive acceleration at a joint 
at speed settings below 100, thereby protecting mechanical and 
electrical components. 

c. Teach Mode. A separate section of the VAL II software 
controls the movement of the robot arm using the teach pendant. 
This limits the speed of the joints depending only on the setting 
of the teach pendant speed toggle switch. These speeds are inde¬ 
pendent of the VAL II programmed speed settings. 

1-5-2. INDIVIDUAL JOINT SERVOCONTROL SOFTWARE. Each individual 
joint servocontrol microcomputer contains safety checks to protect 
that joint. 

a. Position Envelope Error. The "position envelope error" is 
a basic safeguard to ensure that the robot is always under control. 
If the actual position of a joint, as measured at the encoder, is 
different from the position commanded by VAL II by more than a 
preset error envelope, that joint forces VAL II to declare a fatal 
error condition. This creates an E-stop condition causing shut¬ 
down of arm power and setting of joint brakes. (Refer to movement 
parameters in Table 1-8 for envelope error settings.) 

This check protects the joint in a variety of situations. For 
example, if the motor lead is broken, the loss of power might cause 
the joint to drop under gravity. The envelope error would cause 
an E-stop since the difference between the measured position and 
the commanded position would soon go beyond the error limit. This 
check also shuts the robot down if too high a speed setting is 
called for in VAL II programs such that the joint cannot follow 
the command. 
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b. High Acceleration Envelope Error Checks. This tests the 
acceleration in the commands from VAL II. If the acceleration 
called for is higher than a preset limit in the major joints, 
an E-stop is created. 

c. Encoder Index Checks. "Lost encoder synchronization" and 
"No zero index" tests are made by each joint microprocessor. The 
incremental encoders have a once-per-revolution index pulse. For 
these tests, the number of counts for each revolution must be 
correct. For example, if the electrical noise protection tech¬ 
niques are defeated by faulty maintenance and the robot is in a 
high electrical noise environment, false encoder counts might be 
injected into the servo counters. This would cause the joint to 
servo to a new mechanical position for a given taught position. 
However, the index checks would determine that too many counts 
had been received between index pulses and cause an E-stop. 

d. Motor Stalled Condition. If the joint processor has com¬ 
manded full current for 3.2 seconds continuously, an error is 
generated and arm power is shut off. Usually, the servomotor 
is not moving or moving too slowly; thus the "Motor stalled" 
message appears on the VDT. 

e. Memory Check. The joint processor checks the memory in¬ 
tegrity on startup. 

1-5-3. INDIVIDUAL JOINT HARDWARE PROTECTION. 

a. Broken Encoder Wire Detection. A circuit has been in¬ 
corporated into the arm signal interface printed circuit assembly 
to detect the loss of any of the wires associated with the encoder 
feedback. For example, if a wire is broken due to the failure to 
reconnect the encoder after maintenance, an E-stop is created and 
an LED indicates the affected joint. 

b. Overtravel Limit Switches. Limit switches have been in¬ 
corporated on the major joints to stop arm motion if a joint goes 
2 degrees beyond the software limits. The switches are normally 
closed and, if opened by the cam, will cause an E-stop. This 
condition is electrically latched at the "C" interface printed 
circuit assembly and must be reset to be cleared. The switch 
cams can be moved if the software limits are reduced. 
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1-5-4. USER ACTIVATED PROTECTION. 

a- Emergency Stop Circuit. The E-stop circuit is a hard¬ 
wired, normally closed circuit that provides power to energize 
the relay contacts attaching the servomotors to the power ampli¬ 
fiers. It also allows the brakes to be released. The circuit 
is broken at three locations: E-stop switch on the control panel. 
E-stop switch on the teach pendant, and CX connector (P145) on the 
connector panel for user external equipment access. In addition 
to shutting off power to the motors and brakes, the relays also 
connect a resistor across the motor leads to dynamically brake 
the motor if it is turning. 

b. Deadman's Switch on Teach Pendant (Optional). When in the 
TEACH mode of operation, the power to the motors and brake release 
can be controlled by a momentary contact switch on the teach pend¬ 
ant. Thus, power is provided to move the robot only as long as 
this pushbutton is held on. 

1-5-5. POWER AMPLIFIER ELECTRICAL PROTECTION. The joint servo¬ 
motor power amplifiers incorporate the following protection cir¬ 
cuits to prevent or contain damage. 

Current Limits. This measures and limits the peak currents 
of the amplifier. 

b* Overcurrent Limits. If the current drawn exceeds a set 
limit in the minor power amplifier, a fault occurs to shut off arm 
power. In addition, the minor power amplifiers incorporate fuses 
into the motor lines. The major joints will fault on a short 
circuit or a current leakage to ground. A temperature sensor on the 
major power amplifier heat sink causes a fault for temperatures over 
9 0°C. 

c* Undervoltage Protection. In the minor joints, if the high 
power bus voltage falls below limits, a fault occurs to shut off 
arm power. 

b. Dynamic Braking. All power amplifiers incorporate a relay 
contact to disconnect the motors from power. This circuit also 
places a resistor across the motor terminals. If the DC motor is 
moving, it acts as a generator to put current through the resistor 
circuit. This creates a drag torque at the motor, called "dynamic 
braking," which acts to slow the speed. 

1-42 



1-6. SPECIFICATIONS 

Specifications are given in Table 1-8. 

Table 1-8. Specifications 

ITEM SPECIFICATION 

Robot Arm 

Arm Axes Six revolute axes 

Required Clearance 

Model 762 Spherical volume with shoulder at the 
center; radius 1.25 m (49.2 in.) swept 
by Joint 5 centerline. 

Model 761 Sperical volume with shoulder at the 
center; radius 1.50 ra (59 in.) swept 
by Joint 5 centerline. 

Mounting Orientation Vertically, with base level within 5 
degrees. Vertically can be right side 
up or up side down. Arm base column 
cannot be mounted horizontally. 

Weight 

Model 762 590 kg (1298 lb) 

Model 761 600 kg (1322 lb) 

Drive DC electric servomotor with integral 
fail-safe brakes. Incremental encoder 
for fine position feedback and potenti¬ 
ometer for coarse position feedback 
at calibration. 

Mounting Flange for 
User Implement 

Six M6 x 1.0 tapped holes on a 60 mm 
diameter bolt circle. Maximum depth 
of threaded area is 10 mm. 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

Maximum Payloads 

Note 

The dynamic payload is based on mass moment of inertia. 
The maximums given in this table must not be exceeded; 
otherwise, damage to the drive train will result from 
normal VAL II accelerations. 

Static Load 

Model 762 20 kg (44.1 lb) 

Model 761 10 kg (22.046 lb) 

Dynamic Load About 
Joint 5 

Model 762 12500 kg-cm2; 20 kg concentrated load 
at 25 cm from Joint 5 (4270 lb-in.2; 
44.1 lb concentrated load at 9.84 in. 
from Joint 5) 

Model 761 4000 kg-cm2, 10 kg concentrated load 
at 20 cm from Joint 5 (1365 lb-in.2; 
22 lb concentrated load at 7.87 in. 
from Joint 5) 

Dynamic Load About 
Joint 6 

Model 762 2000 kg-cm2 (683 lb-in.2) 

Model 761 1000 kg-cm2 (340 lb-in.2) 

Stall Torque Do not use joint stall torque for pay- 
load sizing; otherwise, overstress may 
result because of inertial loading. 
See the following note; 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

Note 

Do not use joint stall torques for payload sizing; other¬ 
wise, overstress may result because of inertial loading. 
The following torques, if exceeded, cause a FATAL envelope 
error. 

. Stall Torque About Axis 
Joint of Rotation ( ft-lb) 

1 
2 
3 
4 
5 
6 

Payload Control 

Pneumatic 

Electrical 

260 
377 
294 

52 
52 
24 

Two "push-in" style fittings for 8 mm 
O.D. tubing are provided on the outer 
link for air outlets. Ports are con¬ 
trolled by an internal 1/4 in. BSP 
4-way solenoid valve with one port 
spring-activated and the other port 
activated by the controller. An air 
supply inlet with a barbed fitting for 
a 10 mm (3/8 in.) I.D. tubing and a 
muffled exhaust are located at the 
base of the robot. Maximum supply 
pressure is 6.8 Bar (100 lb/in.2). 
There are no internal filters or flow 
controls. 

The internal arm harness cable and 
robot-to-controller interconnect cable 
have six unshielded wires available to 
the user. (Maximum voltage is 32 VDC, 
3 A maximum current.) Connection to the 
arm are made to a terminal block inside 
the outer link through a user-provided 
feed-through device. The wires are 
terminated at the external control 
connector on the rear of the controller 
for external jumpering to the I/O 
connector or the power. 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

Environmental 
Conditions 

Operating Temperature 0°C to 50°C (32°F to 122°F) 

Arm Sealing 
Characteristics 

Gasket on all covers and rotary seals 
at joints to protect against water 
spray and dust. Sealed to comply with 
IP54 International Electrical Packag¬ 
ing Specification and NEMA12. 

Movement Parameters 

Position Repeatability +0.2 mm (+0.008 in.) 

Implement Velocity 1000 mm/sec for straight line moves at 
VAL speed 100. 

Implement 
Acceleration 

1400 mm/sec^ for straight line moves 
at VAL speed 100. Non-continuous path 
mode. 

Note 

Implement Velocity and Acceleration. VAL II "SPEED 100" 
corresponds to the given linear velocity and acceleration. 
Lower "SPEED" settings correspond to a percentage of these 
values in speed and acceleration. However, the actual 
time for a given move may be higher than the expected value 
as calculated from the normal SPEED 100 velocity and accel¬ 
erations . 

VAL II limits the time for any move based on the maximum 
capability of the slowest joint (refer to Velocity and 
Acceleration Limitiations in this table). Note that by 
reconfiguring the arm or the workspace to decrease the 
amount of rotary movement the slowest joint must make, 
cycle times may be reduced. In addition, the limiting 
effect of a slow joint may be reduced by increasing the 
effective working radius from a limiting joint to the 
tool transformation point at which the linear velocity 
and acceleration are desired. 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

Note: Numbers in parentheses are for Model 761. All other numbers 
on this page are common to Models 761 and 762. 

Jt 1 Jt 2 Jt 3 Jt 4 Jt 5 Jt 6 

Software Movement 
Limits (deg) 

320 220 270 532 220 600 

Joint Angular 
Resolution (deg) 

.005 .0035 .0045 .0125 .0062 .0134 

Encoder Index Resolu- 4.0 2.78 3.57 6.26 6.26 13.37 

tion; equal to one 
motor revolution (deg) 

Velocity and Acceler¬ 
ation Limitations 

(67.41) 
VAL Speed 100 Joint 
Angular Velocity 

88.12 70.83 95.51 149.0 149.0 186.2 

Setting (deg/sec) 
(850) 

Assumed Link Length 650 650 600 125 125 100 
(mm) 

(1000) 
Linear Velocity 
Limitation; assumed 

1000 803.6 1000.2 325 325 325 

Link Length x Angular 
Velocity in rad/sec 
(mm/sec) 

(93.6) 
VAL Speed 100 Joint 
Angular Acceleration 
Setting (deg/sec2) 

123 98.4 133 430 430 540 

Linear Acceleration 
Limitation; assumed 
Link Length x Angular 
Acceleration in 
rad/sec (mm/sec2) 

1400 1116 1400 940 940 940 

Maximum Envelope 
Error (deg) 

2.50 1.74 2. 33 12.52 6.26 13.27 

Typical E-Stop Arc (deg) 21 18 14 16 10 14 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

Controller 

Dimensions 

Height 1160 mm (45.6 in.) 1 

Width 600 mm (23.6 in.) 

Depth 800 mm (31.5 in.) 

Weight 200 kg (440 lb) 

Power Requirements 208/240 VAC, 380/415 VAC, 440/480 VAC 
3-phase, 50-60 Hz, 2.5 KW + 10% of 
nominal voltage. 

Note 

If controller input voltage is 208/240 VAC 3-phase, 
use Connector Part No. 1L05020042/1L05020043. 

If controller input voltage is 380/415 VAC 3-phase, 
use Connector Part No. 1L05020029/1L05020030. 

If controller input voltage is 440/480 VAC 3-phase, 
use Connector Part No. 1L05020036/1L05020034. 

Environmental 
Protection 

Cabinet IP54/NEMA 12 

Temperature Range 10° to 50°C (50°F to 122°F) 

Power Line 
Disturbance 

Power dropout for 20 ms maximum 
-15% of nominal for 0.5 s maximum 
+200% of nominal for 1.5 ms maximum 

Main Born Noise 3 Kv spike at 50 us duration 
non-repetitive asymmetric 
1 Kv spike at 50 us duration 
non-repetitive symmetric 

Static Discharge 10 Kv non-repetitive onto system 

metal work. 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

Cables All external cables screened. 

Intermittent Induc¬ 
tion Field 

Single conductor laying 2.5 cm from the 
interconnect cables carrying: 

1. 10 A at 50/60 Hz 
2. 100 A DC 

R.F. Protection 27 mH at 30 V/M 

Noise Immunity on 
I/O Lines 

Inputs opto-isolated 
Output electromechanically isolated 
Hi-range 300 V spike at 50 us duration 
(non-repet itive) 
Lo-range 300 V spike at 50 us duration 
(non-repetitive) 

Proqramminq 

Language VAL II (Unimation) 

Instruction By teach pendant, computer terminal, or 
intelligent external controller j 

External Program 
Storage 

Double-density minifloppy diskette or 
external controller 

CMOS Memory 

Capacity 

VAL II Software 
Storage 

45 K words 

User Memory 19 K words (additional cards may be 
fitted) 

Retention Time 30 days at 40°C (104°F) 

Approximate Memory 
Requirements 

Real Variables 11 words (plus one word for every two 
characters in the variable name) 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

Location Variables 

Precision Points 19 words (plus one word for every two 
characters in the location name) 

Transformations 25 words (plus one word for every two 
characters in the location name) 

Program Headers 13 words (plus one word for every two 
characters in the program name; plus 
seven words for every label defined in 
the program) 

Program Steps 5 words (plus one word for every argu¬ 
ment in the instruction; plus one word 
if a comment is included; plus one word 
for every two characters in the comment 
field) 

Array Variables 

Real Variables 48 words (plus one word for every two 
characters in the array name; plus 36 
words for every additional block of 16 
elements allocated for the array) 

Precision Point 
Location Variables 

48 words (plus one word for every two 
characters in the array name; plus 36 
words for every additional block of 16 
elements allocated for the array; plus 
eight words for each defined array 
element) 

Transformation 
Location Variables 

48 words (plus one word for every two 
characters in the array name; plus 36 
words for every additional block of 16 
elements allocated for the array; plus 
14 words for each defined array 
element) 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

Note 
Memory requirements depend on the lengths of 
programs and location names. Each name char¬ 
acter requires 1/2 word for storage. The 
preceding information assumes names are six 
characters long. 

Teach Pendant 

Dimens ions 127 mm (5 in.) W x 289 mm (11.38 in.) 
L x 63.5 mm (2.5 in.) D 

Type of Transmission Asynchronous 

Baud Rate 9600 

Number of Data Bits 8 

Number of Stop Bits 1 

Parity None 

Communication 8748 microprocessor with 6 MHz clock; 
RS-232 full duplex serial line 

Operating Temperature 10°C to 50°C (50°F to 122 0F) at relative 
humidity of 10% to 95% non-condensing 

VDT/Disk Drive Unit 

Note 

The VDT/Disk Drive Unit comprises a VDT (video dis¬ 
play monitor and associated keyboard) and a high- 
density floppy disk drive. 
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Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

VDT Monitor 

Communications: 

Type RS-232C using 7-bit ASCII 

Word Structure 8 data bits, 1 stop bit, odd parity 
(ignored) 

Baud Rate Normally 9600 baud, automatically cut 
to 300 baud when the PRINTER switch is 
operated. 

Mode Half duplex 

Screen Display: 

Height 16 cm 

Width 21 cm 

Keyboard Fully sealed keyboard with full-travel 
keys, comprising 82 keys in total, 
including 10 function keys. It also 
includes POWER on/off, PRINTER enable, 
and KEYBOARD LOCKOUT switches. 

Disk Drive Unit 

Disk Type 133 mm (5-1/4 in.) double-sided, 
double-density 

Communications: 

Type RS-232C using 7-bit ASCII 

Word Structure 8 data bits, 1 stop bit, odd parity 
(ignored) 

Baud Rate Normally 9600 baud. Can be changed to 
2400 baud by using internal links. 
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Table 1-8 Specifications (Cont) 

ITEM SPECIFICATION 

Overall Specifications 
for VDT/Disk Drive Unit 

Power: 

Consumption 50 watts maximum 

Requirements 92-132 VAC at 0.55 A, 50-60 Hz 

Operating Temperature 0°C to 40°C (32°F to 104°F), relative 
humidity 20 to 80% non-condensing 

Sealing IP54 and NEMA 12 

Case Material Mild steel with a polycarbonate shield 
for VDT screen 

Size 490 mm (19.29 in.) W x 490 mm 
(19.29 in.) D x 360 mm (14.17 in.) H 

Weight 18 kg (40.32 lb) 

Connectors Power in (3-pin) 
Power out for printer (3-pin) 
Signal in (12-pin) 
Aux. disk drive (if using separate 

signal lead for the built-in disk 
drive) (10-pin) 

Printer signal (10-pin) 

All connectors are AB Clansman series. 

1-53 



Table 1-8. Specifications (Cont) 

ITEM SPECIFICATION 

I/O Module 
CX and I/O Boards 

32 Inputs (WX) Lo-range 10-32 VAC or VDC (15 mA max.) 
Hi-range 90-140 VAC or VDC (5 mA max.) 
Link selectable (lo-range standard) 
30 ms min. pulse width 

32 Outputs (OX) 0-140 VAC or VDC (3 A max.) 
Resistive or inductive 
Fused at 5 A 

Link selectable for Form A (N.O.) 
or Form B (N.C.) contacts 
(Form A as standard) 

Snubber link selectable (link fitted 
standard) 

Control Lines (CX) Specification as I/O (OX, WX) 

6 Outputs 

8 Inputs 

E-Stop Facilities 

Internal E-Stop 
Output 

Normally closed isolated (voltage free) 
contacts 
Maximum rating 140 VAC or VDC, 3A max. 
inductive/resistive fused at 5 A 

Remote E-Stop 
Input 

Normally closed circuit (user 
maintained) 

\ 
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CHAPTER 2 

INSTALLATION 

2-1. GENERAL 

This chapter provides the information needed to install a PUMA 
700 series system (Models 761 and 762). To insure a successful 
installation, perform the following procedures in the sequence 
given: 

a. Preinstallation check. 
b. Unpacking. 
c. Positioning and securing the robot arm. 
d. Attaching gripper assembly. 
e. Positioning controller. 
f. Interconnecting PUMA system components. 

2-2. PREINSTALLATION CHECK 

Note 

. All robot arm hardware is metric. 

For the PUMA system to become economically operational in the short¬ 
est period of time, the user should make all necessary preparations 
at the installation site prior to installation of the robot system. 
One must ensure that sufficient working space, an acceptable mounting 
surface, reasonable freedom from obstructions, and required power 
supplies are available. 

2-2-1. LAYOUT DRAWINGS. Refer to Figures 2-1, 2-2, and 2-3. 
Prepare application drawings to ensure that: 

0 The PUMA system fits into the space allocated. 
° The PUMA reaches all the stations it has to serve. 
0 The PUMA arm is not hindered by any obstructions (if 

the PUMA has a part in its hand when passing an obstruction, 
allow clearance for the part as well as the arm). 

2-2-2. ELECTRICAL AND PNEUMATIC REQUIREMENTS. 

a. The PUMA system requires a three-phase supply of 208 VAC, 
240 VAC, 380 VAC, 415 VAC, 440 VAC, or 480 VAC at 2 KWRMS. 
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220° 

MODEL 761 

ROBOT SHOWN IN 

LEFTY CONFIGURATION 

12.8° 

INACCESSIBLE 

AREA (CAN BE 
REACHED IN 

RIGHTY CONFIG.) 

630mm RAD. 
INACCESSIBLE TO JT5 

1512mm RAD. SWEPT BY JT5 

MEASURED FROM CENTER 
OF JT1 

1636mm RAD. SWEPT 

BY MOUNTING FLANGE 

Figure 2-1. Robot Arm (Model 761): Operating Envelope 
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MODEL 762 

11.35* 

ROBOT SHOWN IN 
RIGHTY CONFIGURATION 

INACCESSIBLE AREA 

(CAN BE REACHED 
IN LEFTY CONFIG.) 

514mm RAD. 
INACCESSIBLE TO JT5 

1264mm RAD. SWEPT BY JT5 <fc 

MEASURED FROM CENTER 
OF JT1 

1388mm RAD. SWEPT BY 

MOUNTING FLANGE 

Figure 2-2. Robot Arm (Model 762): Operating Envelope 
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(2) 90° ELBOW PNEUMATIC 
FITTINGS TO GRIPPER 
ACCEPT 8mm TUBING 

AND MUFFLED EXHAUST 

Figure 2-3. Dimensions of Robot Arm 
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Note 

1. The AC power input connector is located 
on the connector panel (Figure 2-7) at 
the rear of the controller; the AC power 
input cable must be provided by the cus¬ 
tomer . 

2. Three styles of power input connectors are 
used as standard on the connector panel, 
depending on the voltage range. One is 
used for 208/240 VAC, 380/415 VAC, or 
440/480 VAC. The appropriate plug should 
be supplied with the robot. 

3. Details of the electrical and physical 
characteristics of the connections for 
external signals are provided in para¬ 
graph 2-9. Details of the characteristics 
of the communication links to intelligent 
external systems are provided in para¬ 
graph 2-10. 

b. A filtered, lubricated air supply is required to operate 
the optional pneumatic gripper. A maximum of 1557 liters/min 
(55 cfm) at 710 KPa (100 psi) is required depending on the applica¬ 
tion. See Figure 2-3 for pneumatic input and output ports. 

Two "push-in" style fittings for 8 mm O.D. tubing are provided on 
the forearm for air outlets. Ports are controlled by an internal 
1/4 in. NPT four-way solenoid valve with one port spring-activated 
and the other port activated by the controller. An air supply 
inlet with a barbed fitting for a 10 mm (3/8 in.) I.D. tubing and 
a muffled exhaust is located at the base of the robot. There are 
no internal filters or flow controls. 

2-3. UNPACKING 

WARNING 

Do not attempt to move the robot arm from 
its shipping configuration until it has 
been securely mounted. 
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As soon as the PUMA system is received, inspect the shipping con¬ 
tainers for damage. As each piece is unpacked, inspect it for any 
damage that might have occurred during shipping. Report damage 
immediately to Unimation Field Service. 

The PUMA system, as shipped, should contain the following items: 

a. PUMA Robot Arm 
b. Control Cabinet 
c. Teach Pendant. 
d. VDT/Disk Drive Unit 
e. Power and Signal Interconnect Cables 
f. I/O and CX Connector Kit 
g. Reliability Kit 
h. Unimate PUMA 700 Series, Mark III-VAL II Equipment Manual, 

398Z1 and User's Guide to VAL II, 398T1 or 398AG1. 

2-4. POSITIONING AND SECURING THE ROBOT ARM 

WARNING 

1. The PUMA working area should be enclosed 
by a fence or other appropriate barriers to 
prevent personnel from walking within reach 
of the arm. In determining a barrier position, 
consideration must be given to the maximum reach 
of the PUMA arm, even if its work functions are 
limited to a smaller area. In addition, allow¬ 
ance should be made for a gripper and any object 
held by a gripper. 

2. This area should be kept clear of all obstruc¬ 
tions. If obstructions cannot be moved, they 
must be avoided by appropriate programming. 
It is important to ascertain before installation 
that if objects are present, they will not prevent 
the PUMA from accomplishing its assigned task. 

3. The area swept by the Joint 5 centerline defines 
the operating envelope. The mounting flange 
sweeps an additional 12.5 cm. A gripper or any 
object held by a gripper sweeps an additional 
area. 

CAUTION 

The PUMA has been designed for vertical operation 
only. Base of the arm must be level within five 
degrees. This restriction applies to floor and 
overhead mounting. 
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Note 

Ensure that there is sufficient area around 
the robot arm for servicing. 

2-4-1. POSITIONING THE ROBOT ARM. The operating envelope of 
PUMA Models 761 and 762 are roughly the shape of a sphere with a 
radius of 1.50 m (Model 761) and 1.25 m (Model 762), swept by the 
fully extended arm, operated through full ranges of Joints 1, 2, 
and 3. Robot arm dimensions for these two models are shown in 
Figure 2-3. The ranges of rotation of robot arm joints can be 
reset by the user (refer to Chapter 4.) 

2-4-2. SPECIAL CLEARANCE REQUIREMENTS FOR MAINTENANCE. 

2-4-2-1. READY Position Joint Calibration Check. After power-up 
and "CALIBRATE" have been performed (Chapter 3), it is good practice 
to check each of the robot joints in a standard position for devia¬ 
tion. This ensures the accuracy of previously taught points. The 
standard position for this check is the READY configuration (in 
which the robot arm is vertically extended). However, in a re¬ 
stricted area (a low ceiling, for example), the user may teach a 
"precision point" and check the robot in an alternate configuration. 

2-4-2-2. Calibration of Joint Potentiometers. The POTCAL procedure 
(Appendix A) must be performed whenever a servomotor or drive train 
component is repaired or replaced. The procedure requires the 
affected joint to be driven from its midpoint through its entire 
range of motion. It is recommended that the entire work envelope 
is clear when performing this procedure. However, with additional 
service time and special procedures, POTCAL can be performed on one 
joint at a time with the other joints in a configuration such that 
an obstructed joint can be driven through its full range. 

2-4-3. SECURING THE ROBOT ARM. The PUMA robot must be secured 
to a firm mounting surface. Maximum speed and accuracy can only 
be obtained when the mounting surface is solid and secure. Securing 
the arm to a flimsy surface reduces accuracy and maximum velocity 
during operation. 

Mounting dimensions are provided in Figure 2-4. 

Note 

Certain assembly line applications may 
require rapid and accurate replacement 
of the robot arm. Dowel holes are 
provided in the robot base so that the 
robot arm may be mounted on pins if 
desired. 
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Use forklift to transport the robot arm to the installation site 
(the PUMA base is equipped with two 170 mm x 60 mm trucking slots). 
Transfer and secure the robot arm to the mounting foundation as 
follows: 

a. 
b. 
c. 
d . 
e. 

mounting 
f . 

bolts. 

g • 

Insert M16, 30 mm eye bolt into shoulder casting. 
Insert sling (minimum capacity 600 kg) through eyebolt. 
Slowly lift arm from floor. 
Position arm over mounting foundation. 
Slowly lower arm onto mounting foundation, ensuring that 
bolt holes of base are aligned with those of foundation. 
Secure arm to mounting foundation with six M12 mounting 

Remove sling and eyebolt. 

2-5. GRIPPER 

A gripper is not included with the basic PUMA system. A gripper 
must be designed to suit the particular application. Any design may 
be discussed with Unimation engineers to assure optimum performance 
without exceeding the limits of the robot arm. 

The gripper is mounted to the flange (Figure 2-5) of the wrist. 

Figure 2-4. Robot Arm: Mounting Dimensions 
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WARNING | 

The length of the bolts used to attach 
the gripper to the wrist mounting flange 
must not bottom out in the tapped holes of 
the flange. The maximum depth of each tapped 
thread is 10 mm. 

Solenoid and pneumatic lines are shown in Figure 2-3. 

2-6. POSITIONING CONTROLLER 

WARNING 

When positioning the controller, do not block 
the ventilation intake or exhaust. Make sure 
that an unobstructed air flow is available for 
the controller cooling. Overheating of the 
controller shortens component life and causes 
malfunctions. 

The controller (Figure 2-6) may be positioned in any convenient 
location near the PUMA robot arm with the following limitations: 

a. The interconnect cables linking the controller and robot 
arm are 5 meters long (cables 10 and 15 meters long are available 
as an option). The controller should not be positioned such that 
the cable is unduly stressed or subject to damage by the PUMA robot 
arm, other equipment, or personnel in the area. 

Figure 2-5. Wrist: Mounting Flange 
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ALL DIMENSIONS IN MM 

TEACH 
PENDANT 

SIDE 

Figure 2-6. Controller: Dimensions 
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b. The controller must be located outside the maximum reach 
of the PUMA robot arm (refer to paragraph 2-4-1 and Figure 2-1). 

c. There must be sufficient area to fully open the front and 
rear doors of the controller and subsequently operate and service 
the PUMA system (controller dimensions are provided in Figure 2-6). 

2-7. COMPONENT INTERCONNECTION 

After the robot arm and controller have been correctly positioned 
and secured, the user may proceed to connect the components of the 
robot system. Refer to Figures 2-7 through 2-9. 

WARNING | 

Do not deviate from the following sequence. 
Line power must not be connected to controller 
until all other connections are properly made. 

a. VDT/Disk Drive Unit. Connect power cable between 115VAC 
connector on VDT to connector J228 on controller connector panel. 
Connect signal cable between VDT/DISK connector on VDT to connec¬ 
tor J10 on controller connector panel. 

b. Printer (Optional Hardcopy Unit). The printer supplied by 
Unimat ion comes with power and signal cables. To use other printers, 
the user must supply the wiring from the printer to the two VDT 
printer ports. Components must be connected using connector (Part 
No. 1L05020025) for PRINTER jack on VDT, and connector (Part No. 
1L05020024) for PRINTER 115VAC jack on VDT. The wiring information 
is as follows: 

PRINTER jack: Pin E is Ground; Pin F is Receive. 
On PRINTER 115VAC jack: Pin A is Earth Ground; Pin B is 115VAC; 

Pin C is common. 

c. Teach Pendant. Plug connector of teach pendant cable into 
connector Jll on controller connector panel. 

d. CX Connector. Plug CX connector (P145) with jumpering for 
"POWER ON," "ARM OFF," and "REMOTE EMERGENCY STOP" signals installed I 
(see paragraph 2-9-2) into J145 on controller connector panel. 

e* Robot Arm. Connect signal and power interconnect cables 
to connectors on robot arm (power, JOA; signal, JOB) and then to 
connectors on controller connector panel (power, J30A; signal, J30B). 
Ensure that connectors are properly aligned before tightening them. ( 

2-8. CONNECTION OF AC POWER INPUT LINE 

WARNING 

Before connecting controller to line power, 
the operator, all personnel, and obstructions 
must be out of the reach of the PUMA robot arm. 
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Figure 2-7. Controller: Connector Panel 

PRINTER PRINTER 

Figure 2-8. VDT/Disk Drive Unit: Connectors 
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Figure 2-9. Robot Arm: Connectors 

. Transformer: Figure 2-10 Primary Tap Connections 



a. Before connecting line power, inspect transformer primary 
tap connections (Figure 2-10) and ensure that these are compatible 
with line power voltage. Reset primary tap connections if necessary. 

b. Ensure that disconnect switch (Figure 2-6) on the rear of 
the controller is in the off position. 

c. Connect cable between controller and robot arm (J30A 

and JOA). 
d. Refer to instructions enclosed with connector. Connect 

line power cable to connector supplied and then plug connector into 
port J231 on connector panel. 

Note 

Refer to Chapter 3 for power-on procedure. 

2-9. EXTERNAL SIGNALS 

2-9-1. DESCRIPTION - EXTERNAL INPUT AND OUTPUT SIGNALS. External 
input signals are received from an external device and used as 
"conditions" in a work program (using VAL II software) to control 
the action of the robot arm. Signals may be high (voltage applied) 
or low (zero voltage). 

External output signals are generated by VAL II and sent to a 
receiver on an external device to halt or initiate that device. 
The signals are relay contacts to provide switching for external 
sources. 

The use of external input and output signals in programming is 
described in "User's Guide To VAL II." 

The connectors that accommodate the external input and output signal 
harnesses are located on the connector panel at the rear of the con¬ 
troller. These are as follows: 

a. Connector J147. Provides connections for up to 16 output 
and 16 input signals (I/O signals 1-16). 

b. Connector J149. Provides connection for an additional 
16 input and 16 output signals (I/O signals 17-32). 

When an external input signal is received through the connector 
panel, voltage is applied to an opto-isolator on the I/O board, a 
"high" signal is sent to VAL II through the parallel I/O interface 
board, and an LED on the display board is activated. A typical 
external input signal line is shown in Figure 2-11. 

The I/O board (without change) accepts AC or DC input signals. 
However, the user must jumper the "high" (A) side of the input line 
for the appropriate voltage range. For inputs in the 10V to 32V 
range, the 24V pins must be jumpered. For inputs in the 90V to 
140V range, the 110V pins must be jumpered. Refer to Figure 2-12. 
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When VAL II generates an external output signal, it is sent through 
the parallel I/O interface board to energize a coil and close a 
relay contact on the I/O board. An LED on the display board is 
activated, and the signal is sent from the I/O board through the 
connector panel to an external device. A typical external output 
signal line is shown in Figure 2-13. 

The user must jumper an output relay to be normally opened or nor¬ 
mally closed. This connection is linked using a small 5A fuse. 
In addition, a snub circuit must be jumpered if the output voltage 
is used with an inductive load (refer to Figure 2-12). A snub 
circuit is not jumpered if the load is resistive. 

The "C" interface board (Figure 2-14) is equipped with an I/O inhibit 
link. By removing this link (LK2) and then setting the LOCAL/REMOTE 
key switch to LOCAL, the user can inhibit all external output sig¬ 
nals and put a program through a "dry run." However, activation 
of display panel LEDs is not inhibited. In addition, all external 
input signals remain functional. 

Note 

Refer to Table 3-1 for controls and 
indicators on controller front panel 

HCPL-3700 OPTOCOUPLER 

8 

A 

INPUT FROM 

J147 OR J149 

B 
LOGIC & DISPLAY 

3 7 

15«f 

SUPPLIED WITH LINK INSTALLED AT 24V 
INPUT LINE VOLTAGE RANGE: 10-32V AC or DC at 15mA 

9 0-140V AC or DC at 5mA 
(AC VOLTAGES ARE RMS) 

ISOLATION, INPUT TO OUTPUT: 2500 VRMS 
INPUT ALLOWED FOR NO OUTPUT: 1mA 
INPUT SIGNAL MUST BE PRESENT FOR 30mS CONTINUOUS 

Figure 2-11. Typical External Input Signal Line 
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Figure 2-12. I/O Board 

2-16 CHANGE 1 

C
X
 

B
O

A
R

D
 



I 
I 

1 
1 

I 
1, 

rr ftTT ttTT 

RELAY 

B 

SUPPLIED WITH FUSE IN "NO” CONTACT AND 
SNUBBER LINK INSTALLED 
AC OUTPUT LINE VOLTAGE: 0-140V AC or DC at 3A 
SURGE RATING: 5A 
COMMUTATING DV/DT BUILT IN SNUBBER 100 ohms & O.luf 

Figure 2-13. Typical External Output Signal Line 

Figure 2-14. "C" Interface Board 



2-9-2. DESCRIPTION - EXTERNAL CONTROL SIGNALS. External control 
signals may be either inputs or outputs. These signals are analo¬ 
gous to the controls and indicators on the front panel of the con¬ 
troller. Table 2-1 provides functional descriptions of each external 
control signal. 

Note 

Refer to Table 3-1 for controls and 
indicators on controller front panel. 

Table 2-1. External Control Signals 

FIGURE 2-15 
REFERENCE SIGNAL 

INPUT/ 
OUTPUT 

FUNCTION 

1 POWER ON INPUT A "high" signal on this line 
applies 24V/110V to controller. 
Analogous to setting POWER ! 
selector switch to ON position. 

Note 

If the POWER ON external 
control input signals 
are not used, they must 
be jumpered to REMOTE 
SUPPLY +24V and REMOTE 
SUPPLY OV in connector 
P145 (as supplied). If 
this is not done, the 
controller will not re¬ 
ceive 24V/115V supply when 
the POWER key switch on 
the front panel (Table 3-1) 
is set to on position. 

2 INITIAL¬ 
IZE 

INPUT A "high" signal on this line 
initializes the VAL II system. 
Analogous to pressing INIT. 
pushbutton on "C" interface 
board. 

Causes VAL Boot message (refer 
to paragraph 3-5) to be dis¬ 
played on VDT. Allows execu¬ 
tion of an AUTO START program 
if AUTO START external control 
input signal is high. 
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Table 2-1. External Control Signals (Cont) 

FIGURE 2-15 
REFERENCE SIGNAL 

INPUT/ 
OUTPUT 

FUNCTION 

3 TEACH INPUT A "high" signal on this line 
places PUMA system in TEACH 
mode (refer to Table 3-1). 
Analogous to setting TEACH/ 
PAUSE/RUN selector switch to 
TEACH position. If neither 
TEACH nor RUN are high, the 
PAUSE mode is selected. 

4 AUTO 
START 

INPUT A "high" signal on this line 
| initiates the auto start 

sequence (refer to Table 3-1 and 
paragraph 3-7) during a power 
on or INIT. sequence. Analogous 
to pressing AUTO START pushbut¬ 
ton while setting POWER selector 
switch to on position or pres¬ 
sing INIT. switch on "C" inter¬ 
face board. 

5 RUN INPUT A "high" signal on this line 
places system in RUN mode (refer 
to Table 3-1). Analogous to 
setting TEACH/PAUSE/RUN selector 
switch to RUN position. If 
neither the RUN input nor the 
TEACH input are high, the PAUSE 
mode is selected. 

Switching from PAUSE to RUN 
clears certain fault conditions 
in VAL II Version 2.0 and high¬ 
er. Wait for 10 seconds after 
clearing error before switching 
to RUN. 

6 ARM ON INPUT A "high" signal on this line 
supplies power to servomotors 
in robot arm. Analogous to 
pressing ARM POWER on push¬ 
button. Must be held on for at 
least 0.5 seconds to latch 
power circuit. 

7 ARM OFF INPUT A "high" signal must be present 
continuously on this line to 
enable arm power. A momentary 
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Table 2-1. External Control Signals (Cont) 

FIGURE 2-15 
REFERENCE SIGNAL 

INPUT/ 
OUTPUT 

FUNCTION 

lack of a high signal removes 
power from the servomotors in 
the robot arm. Analogous to 
pressing ARM POWER off push¬ 
button. 

Note 

If the ARM OFF external 
control input signals are 
not used, they must be 
jumpered to REMOTE SUPPLY 
+24V and REMOTE SUPPLY 0V 
in connector P145 (as sup¬ 
plied). Otherwise, it will 
not be possible to turn on 
arm power. 

8 OFF INPUT A "high" signal on this line 
immediately halts program and 
decelerates arm to a stop. 
Analogous to PANIC command in 
VAL II. 

9 POWER ON 
ECHO 

OUTPUT Provides a relay contact actua¬ 
tion when power is supplied to 
controller for purpose of remote 
indication. 

10 REMOTE 
ECHO 

OUTPUT Provides a relay contact 
actuation when system is in 
REMOTE mode (REMOTE/LOCAL 
selector switch is set to 
REMOTE). Used for remote indi¬ 
cation . 

11 AUTO ECHO 
ECHO 

OUTPUT Provides a relay contact actua¬ 
tion during AUTO START. Used 
for remote indication. 

12 ARM ON 
ECHO 

OUTPUT Provides a relay contact actua¬ 
tion when power is supplied to 
servomotors in robot arm. 

13 TEACH 
ECHO 

OUTPUT Provides a relay contact actua¬ 
tion when system is in TEACH 
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Table 2-1. External Control Signals (Cont) 

FIGURE 2-15 
REFERENCE SIGNAL 

INPUT/ 
OUTPUT 

FUNCTION 

mode (TEACH/PAUSE/RUN selector 
switch in set to TEACH). Used ! 
for remote indication. 

14 FAULT 
ECHO 

OUTPUT Provides a relay contact open¬ 
ing when system is in fault 
condition. Used for remote j 
indication. 

REMOTE 
EMERGENCY 
STOP 

INPUT An open contact across this line 
removes power from servomotors 
on robot arm and activates dy¬ 
namic and electromechanical 
brakes on each joint. 

Note 

If the user does not use 
the REMOTE EMERGENCY STOP 
external control input 
signals, its terminals must 
be shorted together in 
connector P145 (as 
supplied). 

EMERGENCY 
STOP ECHO 

OUTPUT Provides a relay contact opening 
(not link adjustable, normally 
open only) when EMERGENCY STOP 
is activated for the purpose of 
remote indication. The contact 
will be closed when power is on 
and all E-Stop contacts are in 
their closed position. 

*ARM I/O 1 
*ARM I/O 2 
*ARM I/O 3 
*ARM I/O 4 
*ARM I/O 5 
*ARM I/O 6 

INPUT 
INPUT 
INPUT 
OUTPUT 
OUTPUT 
OUTPUT 

Three input signal lines, func¬ 
tion determined by user (32 VDC, 
5 A max.) 
Three output signal lines, func¬ 
tion determined by user (32 VDC, 
5 A max.) 

*Arm input and output signals are not wired to the CX board. The 
user is responsible for wiring any arm input or output signal from 
connector J145 to its respective destination or source on the robot 
arm as well as from the terminal block inside the forearm to any end 
effector. 
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Connector J145, located on the connector panel at the rear of the 
controller, accommodates up to 16 external control signals. J145 
connects to the CX board. On the CX board, input and output signals 
must be jumpered in the same manner as on the I/O board. Figure 2-15 
shows the CX board, with numbers identifying the jumpers for each 
external control input and output signal. These numbers are listed in 
Table 2-1 for easy reference. 

When an external control input signal is received through the 
connector panel, voltage is applied to an opto-isolator on the CX 
board, a "high" signal is sent to the power backplane, and an LED 
on the display board is activated. A typical external control input 
signal is functionally similar to an external input signal (refer 
to Figure 2-11). 

When VAL 'II generates an external control output signal, it is sent 
through the power card backplane to energize a coil and close a 
relay contact on the CX board. An LED on the display board is acti¬ 
vated, and the signal is sent from the CX board through the connector 
panel to an external location. A typical external control output 
signal is functionally similar to an external output signal (refer 
to Figure 2-13). 

Connector J145 provides connection for a 24V (plus or minus 5 percent) 
remote voltage supply for customer equipment. Cumulative current 
drawn from this supply can never exceed 0.5 A. 

In addition to accommodating external control input and output sig¬ 
nals, the external control signal connector provides connections for 
arm input and output signals. Six unshielded wires are routed from 
connector J145 through the high power interconnect cable and robot 
arm harness to a terminal block inside the forearm (refer to Figure 
2-16). The customer can provide for connections to end effectors 
by installing a sealed feed-thru connector on the outer panel of 
the forearm (connector should be placed near the pneumatic 
fittings). Maximum voltage is 32 VDC and maximum current is 3A. 
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Figure 2-15. CX Board 
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Figure 2-16. Arm Input and Output Signal Lines 

When LOCAL/REMOTE key switch is set to LOCAL, all external 
control input signals except POWER ON and REMOTE EMERGENCY STOP 
are inhibited. However, activation of display panel LEDs is not 
inhibited, and all external control output signals remain func- 
tional. 

Note 

Refer to Table 3-1 for display panel LEDs. 

The TEACH external control input signal may be used as an inter¬ 
lock for operator protection in an enclosed robot cell. For 
example, a limit switch or other detection device can be installed 
on a gate so that the input signal remains "high" when a person is 
within the operating area of the robot arm. Thus, the operator can 
work closer to the end effector and teach precise locations at 
reduced teach speed settings. The robot will be inhibited from 
executing a computer controlled sequence until the operator has 
left the operating area and the "high" TEACH input signal has been 
removed. 

2-9-3. CONNECTION OF EXTERNAL SIGNALS. Connectors J145, J147, 
and J149 have individual key pin arrangements for mating to their 
proper plugs. Each connector has identical pin configurations. 
See Figure 2-17. Pin designations for each connector are provided 
in Tables 2-2 through 2-4. 
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KEY PIN ARRANGEMENT 

NORMAL SCREW o KEY PIN • 

PIN CONFIGURATION 

<2> 1 -* & 

J149 J147 J145 

Figure 2-17. External Signal Connectors 

Table 2-2. Pin Designations, Connector J147 
(Input 1-16, Output 1-16) 

SIGNAL PIN 

INPUT 1A ID 

B 2D 

INPUT 2A 3D 
B 4D 

INPUT 3A 5D 
B 6D 

INPUT 4A 7D 
B i 8D 

INPUT 5A 9D 
B 10D 

INPUT 6A 1 ID 
B 12D 



Table 2-2. Pin Designations, Connector J147 (Cont) 
(Input 1-16, Output 1-16) 

SIGNAL PIN 

INPUT 7A 13D 
B 14D 

INPUT 8A 15D 
B 16D 

INPUT 9A 1C 
B 2C 

INPUT 10A 3C 
B 4C 

INPUT 11A 5C 
B 6C 

INPUT 12A 7C 
B 8C 

INPUT 13A 9C 
B IOC 

INPUT 14A 11C 
B 12C 

INPUT 15A 13C 
B 14C 

INPUT 16A 15C 
B 16C 

OUTPUT 1A IB 
B 2B 

OUTPUT 2A 3B 
B 4B 

OUTPUT 3A 5B 
B 6B 

OUTPUT 4A 7B 
B 8B 

OUTPUT 5A 9B 
B 10B 



Table 2-2. Pin Designations, Connector J147 (Cont) 
(Input 1-16, Output 1-16) 

SIGNAL PIN 

OUTPUT 6A 1 IB 
B 12B 

OUTPUT 7A 13B 
B 14B 

OUTPUT 8A 15B 
B 16B 

OUTPUT 9A 1A 
B 2A 

OUTPUT 10A 3A 
B 4A 

OUTPUT 11A 5A 
B 6A 

OUTPUT 12A 7A 
B 8A 

OUTPUT 13A 9A 
B 10A 

OUTPUT 14A 11A 
B 12A 

OUTPUT 15A 13A 
B 14A 

OUTPUT 16A 15A 
B 16A 



Table 2-3. Pin Designations, Connector J149 
(Input 17-32, Output 17-32) 

SIGNAL PIN 

INPUT 17A ID 
B 2D 

INPUT 18A 3D 
B 4D 

INPUT 19A 5D 
B 6D 

INPUT 20A 7D 
B 8D 

INPUT 21A 9D 
B 10D 

INPUT 22A 1 ID 
B 12D 

INPUT 23A 13D 
B 14D 

INPUT 24A 15D 
B 16D 

INPUT 25A 1C 
B 2C 

INPUT 26A 3C 
B 4C 

INPUT 27A 5C 
B 6C 

INPUT 28A 7C 
B 8C 

INPUT 29A 9C 
B IOC 



Table 2-3. Pin Designations, Connector J149 (Cont) 
(Input 17-32, Output 17-32) 

SIGNAL PIN 

INPUT 30A 11C 
B 12C 

INPUT 31A 13C 
B 14C 

INPUT 32A 15D 
B 16D 

OUTPUT 17A IB 
B 2B 

OUTPUT 18A 3B 
B 4B 

OUTPUT 19A 5B 
B 6B 

OUTPUT 20A 7B 
B 8B 

OUTPUT 21A 9B 
B 10B 

OUTPUT 22A 1 IB 
B 12B 

OUTPUT 23A 13B 
B 14B 

OUTPUT 24A 15B 
B 16B 

OUTPUT 25A 1A 
B 2A 

OUTPUT 26A 3A 
B 4A 



Table 2-3. Pin Designations, Connector J149 (Cont) 
(Input 17-32, Output 17-32) 

SIGNAL PIN 

OUTPUT 27A 5A 
B 6A 

OUTPUT 28A 7A 
B 8A 

OUTPUT 29A 9A 
B 10A 

OUTPUT 30A 11A 
B 12A 

OUTPUT 31A 13A 
B 14A 

OUTPUT 32A 15A 
B 16A 

Table 2-4. Pin Designations, Connector J145 
(External Control Signals) 

SIGNAL PIN 

ARM I/O 1 1A 
ARM I/O 2 2A 
ARM I/O 3 3A 
ARM I/O 4 4A 
ARM I/O 5 5A 
ARM I/O 6 6A 
FAULT ECHO B IB 
FAULT ECHO A 2B 
TEACH ECHO B 3B 
TEACH ECHO A 4B 
ARM POWER ON ECHO B 5B 
ARM POWER ON ECHO A 6B 
AUTO ECHO B 7B 
AUTO ECHO A 8B 



Table 2-4. Pin Designations, Connector J145 (Cont) 
(External Control Signals) 

SIGNAL PIN 

REMOTE ECHO B 9B 
REMOTE ECHO A 10B 
POWER ON ECHO B 11B 
POWER ON ECHO A 12B 
EMERGENCY STOP ECHO A 1C 
EMERGENCY STOP ECHO B 2C 
REMOTE SUPPLY +24VDC 3C * 
REMOTE SUPPLY OV 4C * 
REMOTE SUPPLY +24VDC 5C 
REMOTE SUPPLY OV 6C 
REMOTE SUPPLY +24VDC 7C 
REMOTE SUPPLY OV 8C 
REMOTE SUPPLY +24VDC 9C 
CHASSIS GROUND 11C 
REMOTE SUPPLY OV 12C 
REMOTE EMERGENCY STOP A 13C * 
REMOTE EMERGENCY STOP B 14C * 
REMOTE SUPPLY +24VDC 15C * 
REMOTE SUPPLY OV 16C * 
REMOTE OFF A ID 
REMOTE OFF B 2D 
REMOTE ARM POWER OFF A 3D * 
REMOTE ARM POWER OFF B 4D * 
REMOTE ARM POWER ON A 5D 
REMOTE ARM POWER ON B 6D 
REMOTE RUN A 7D 
REMOTE RUN B 8D 

1 REMOTE AUTO START A 9D 
REMOTE AUTO START B 10D 
REMOTE TEACH A 11D 
REMOTE TEACH B 12D 
REMOTE INITIALIZE A 13D 
REMOTE INITIALIZE B 14D 
REMOTE POWER ON A 15D * 
REMOTE POWER ON B 16D * 

* Mating connector P145, as supplied, is wired to enable LOCAL 
operation. The wiring connections for LOCAL are as follows: 3C to 
3D, 4C to 4D, 13C to 14C, 15C to 15D, and 16C to 16D. 

The user will receive a Customer I/O Kit (Unimation Part No. 
6051B78GO1) consisting of the following: 

a. I/O 1-16, P147 connector (Unimation Part No. 6051B16G01). 
b. I/O 17-32, P149 connector (Unimation Part No. 6051B16G02). 
c. CX, P145 connector (Unimation Part No. 6051B16G03). 
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Note 

The CX connector, as supplied, is wired to enable 
LOCAL system operation. It should be rewired for 
remote control as required. 

d. 192 female crimp pins (Unimation Part No. 1L05022038). 
e. Pin extractor tool (Unimation Part No. 1L05022066). 

External signal harnesses will normally be provided by the user. 
It is recommended that a crimp tool be purchased to assemble wires 
to the crimp pins for the connector. As an alternative, wires may 
be soldered into the crimp pins. 

2-9-4. ELECTRICAL NOISE IMMUNITY. It is recommended that shielded 
cables be used into the I/O and CX connectors. In addition, if low 
current signals are switched by external output relays, signal wires 
should be shielded individually. Shields should be grounded at 
customer equipment only. 

VAL II can be used to achieve higher electrical noise immunity when 
using external input signals. An external input signal must be 
present for at least 30 milliseconds to ensure that VAL II recognizes 
it during a program execution cycle. To prevent the robot from 
responding to an electrical noise spike that may occur on an input 
line at the same time that VAL II is reading an input signal, a 
second check of the signal after an appropriate delay time can be 
incorporated into the user program. If the second check is positive, 
the robot responds to it appropriately. This method of programming 
inputs reduces the possibility that a given robot sequence occurs 
at the wrong time because of spurious noise inputs. However, the 
speed at which the system responds to input changes is reduced. 

2-10. SIGNAL LEVEL CONFIGURATIONS 

The DLV-ll/J quad serial boards communicate with external devices 
or systems via channels using one of two data-line standards; 
RS-232C or RS-422. The RS-232C communication standard is for short 
distance operation with a single driver at the transmitting end, 
single receiver, and data rates at a maximum of 2 kilobits per 
second. RS-422 operates over a much longer distance with a single 
driver, and up to ten receivers. Table 2-5 lists the specifications 
for RS-232C and RS-422 communication standards. 

Note 

Detailed information on software addressing 
schemes for both quad serial boards, as well 
as setup information for special use, is given 
in "PDP-11 Microcomputer Interface Handbook," 
1983-1984, pp 258-286. Order Code EB-23144-18, 
Digital Equipment Corporation. 

2-32 



Table 2-5. EIA Communication Standards 

SPECIFICATION RS-232C RS-422 

Mode of Operation Single-ended Dif ferential 

Maximum Cable Length 15.24 meters 
(50 feet) 

1219.2 meters 
( 4000 feet) 

Maximum Data Rate 20 Kbits/sec 10 Mbits/sec 

Number of Drivers and 
Receivers per Line 

1 driver, 
1 receiver 

1 driver, 
10 receivers 

Driver Output Signal, Loaded + 5 VDC + 2 VDC 

Driver Output Signal, 
Unloaded 

+15 VDC +7 VDC 

Driver Load 3K to 7K ohms 100 ohms 

Driver Slew Rate (Maximum) 30 V/microsecond - 

Receiver Input Voltage +15 VDC +7 VDC 

Receiver Sensitivity + 3 VDC +200 millivolts 

Receiver Input Resistance 3K to 7K ohms 4K ohms minimum 
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2-10-1. CONNECTION OF COMMUNICATION LINKS BETWEEN FIRST QUAD SERIAL 
BOARD AND PERIPHERALS. The peripheral interconnect panel, located on 
the connector panel at the rear of the controller, houses connectors 
that provide communication links between the first quad serial board 
and robot system peripherals. These connectors are dedicated as 
follows: 

a. Connector J10 - Visual display terminal 
b. Connector Jll - Teach Pendant 
c. Connector J12 - Separate Disk Drive 
d Connector J13 - Accessory 

Connectors J10, Jll, J12, and J13 (refer Figure 2-18) are mounted on 
the peripheral interconnect board, attached to the rear connector 
panel. A ribbon cable links the connectors to the first quad serial 
board. Pin designations (signal lines to and from the first quad 
serial board) are given in Table 2-6. Connector characteristics are 
given in Table 2-7. The P10 connector, which must be ordered as an 
accessory, is Unimation Part No. 1L05020018. The P11-P13 connector, 
which also must be ordered as an accessory, is Unimation Part No. 
1L05020025. 

J13 J12 jii J10 

J10 PIN CONFIGURATION 

Figure 2-18. First Quad Serial Board Connectors 
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Table 2-6. Pin Designations Connectors J10r Jll, J12, and J13 

CONNECTOR PIN FUNCTION 

J10 A SERIAL 1 RECEIVE 
(VDT) (Disk Drive) 

B SERIAL 1 TRANSMIT 
(Disk Drive) 

C SERIAL 3 TRANSMIT 
(System Terminal) 

D SERIAL 3 RECEIVE 
(System Terminal) 

E SERIAL 3 GROUND 

F BAUD RATE SELECT 

G AUX DISC DISABLE 

H SERIAL 1 GROUND 

J -12 V 

K + 12 V 

L + 5 V 

M 0 V 

Jll A SERIAL 0 RECEIVE 
(Teach Pendant) 

B SERIAL 0 TRANSMIT 

C -12 V 

D DEADMAN'S SWITCH 

E REMOTE 24 V 

F ESTOP 

G 0 V 

H SERIAL 0 GROUND 

J + 12 V 

K 

>
 

in 
+
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Table 2-6. Pin Designations - 
Connectors J10, Jll, J12, and J13 (Cont) 

CONNECTOR PIN FUNCTION 

J12 A SERIAL- 1A RECEIVE* 
(Separate 
Floppy Unit) B SERIAL 1A TRANSMIT 

C -12 V 

D NOT USED 

E NOT USED 

F NOT USED 

G 0 V 

H SERIAL 1 GROUND j 

J + 12 V 

K + 5 V 

J13 A SERIAL 2 RECEIVE 
(Accessory) 

B SERIAL 2 TRANSMIT 

C -12 V 

D NOT USED 

E NOT USED 

F NOT USED 

G 0 V 

H SERIAL 2 GROUND 

J + 12 V 

K + 5 V 

*SERIAL 1A RECEIVE on J12 is disconnected by a relay contact that 
is activated by plugging in a stand ard P10 connector. Two floppy 
drives cannot be used at one time. 
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Table 2-7. Characteristics o£ Connectors Providing 
Communications Links Between First Quad 

Serial Board and Peripherals 

TERMINAL 
TEACH 

PENDANT 
FLOPPY 

DISK ACCESSORY 

Connector Panel 
Designation J10 Jll J12 J13 

First Quad Serial 
Board Designation 3 0 1 2 

Baud Rate 9600 9600 9600 9600/300 

Even Parity Enabled No No No No 

Number of Data Bits 8 8 8 8 

Number of Stop Bits 1 1 I 1 

Parity Inhibit Yes Yes Yes Yes 

Base Address 776500 - - - 

Base Vector 300 - - ! 

Signal Level 
Configuration RS-232C RS-232C RS-232C RS-232C 
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2-10-2. CONNECTION OF COMMUNICATION LINKS BETWEEN VAL II AND 
INTELLIGENT EXTERNAL SYSTEMS. 

WARNING 

Before making changes to the characteristics 
of any communication connector, refer to 
"User's Guide To VAL II," as follows: 

1. For SUPERVISOR - Part 2, paragraph 3-2. 
2. For ALTER - Part 3, paragraph 4-1. 

Note 

Detailed information on communication between 
VAL II and intelligent external systems is 
provided in "User's Guide To VAL II." 

The peripheral interconnect panel on the connector panel at the 
rear of the controller houses the connectors that provide com¬ 
munication links between VAL II and intelligent external system. 
The connectors are dedicated as follows: 

a. Connector J121 - DIGIMIG option 
b. Connector J122 - SUPERVISOR function 
c. Connector J123 - ALTER instruction 
d. Connector J124 - ACCESSORY 

Connectors J121, J122, J123, and J124 are shown in Figure 2-19. 
These connectors are mounted on the peripheral interconnect printed 
circuit assembly, which is attached to the rear connector panel. A 
ribbon cable links the connectors to the second quad serial board 
of the control card set. Pin designations (signal lines to and 
from the quad serial board) are provided in Table 2-8. The charac¬ 
teristics of the connectors are provided in Table 2-9. The P121- 
P124 connector, which must be ordered as an accessory, is Unimation 
Part No. 1L05020025. 

Figure 2-19. Communication Link Connectors 
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Table 2-8. Pin Designations - 
Connectors J121, J122, J123, and J124 

CONNECTOR PIN FUNCTION 

J121 A SERIAL 4 RECEIVE* 
B SERIAL 4 TRANSMIT- 
D SERIAL 4 RECEIVE- 
F SERIAL 4 TRANSMIT+ 
G SIGNAL GROUND 4A 
H SIGNAL GROUND 4B 

J DATA TRANSMIT RECEIVE 4 

J122 A SERIAL 5 RECEIVE+ 
B SERIAL 5 TRANSMIT- 
D SERIAL 5 RECEIVE- 
F SERIAL 5 TRANSMITS- 
G SIGNAL GROUND 5A 
H SIGNAL GROUND 5B 

J DATA TRANSMIT RECEIVE 5 

J123 A SERIAL 6 RECEIVE+ 
B SERIAL 6 TRANSMIT- 
D SERIAL 6 RECEIVE- 
F , SERIAL 6 TRANSMIT* | 
G | SIGNAL GROUND 6A 
H SIGNAL GROUND 6B 

J DATA TRANSMIT RECEIVE 6 

J124 A SERIAL 7 RECEIVE* 
B SERIAL 7 TRANSMIT- 
D SERIAL 7 RECEIVE- 
F SERIAL 7 TRANSMIT* 
G SIGNAL GROUND 7A 
H SIGNAL GROUND 7B j 
J DATA TRANSMIT RECEIVE 7 



Table 2-9. Characteristics of Connectors That Provide 
Communication Links Between VAL II 
and Intelligent External Systems 

DIGIMIG SUPERVISOR ALTER 
MODEM/ 

ACCESSORY 

Connector Panel 
Designation 

J121 J122 ! J123 J124 

Quad Serial Board 
Designation 

0 1 2 3 

Baud Rate 4800 9600 19.2K 300 

Even Parity Enabled No No No No 

Number of Data Bits 8 8 8 8 

1 Number of Stop Bits 1 1 1 1 

Parity Inhibit Yes Yes Yes Yes 

Base Address 776600(8 ) - i - 

Base Vector 340(8) - - - 

Signal Level 
Configuration* 

RS422* RS 4 2 2 * RS 4 2 2 * RS 4 2 2 * 

*The RECEIVE inputs for RS422 are differential. If the user wishes 
to provide an RS232C, modifications must be made to the quad serial 
board by changing jumpers and removing a resistor (refer to "PUMA 
700 Series Electrical Drawing Set, 394W1" for jumper and resistor 
locations). P121, P122, P123, or P124 SERIAL RECEIVE- must be tied 
SIGNAL GROUND. SERIAL TRANSMIT- may be left open. RS-232C transmit 
and receive signals are connected to TRANSMIT+ and RECEIVE*, respec¬ 
tively, and signal grounds are tied together. 

to 
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CHAPTER 3 

OPERATION 

3-1. GENERAL 

This chapter provides procedures that cover operation of the PUMA 
system hardware with only a slight reference to the use of VAL II, 
the system software. Complete instructions for the use of VAL II 
are presented in the "User's Guide to VAL II." For proper opera¬ 
tion of the PUMA system, it is necessary for the user to under¬ 
stand this equipment manual and the User's Guide to VAL II, and to 
attend a training course given by Unimation Incorporated. 

Descriptions of all controls and indicators for the controller, 
teach pendant, and brake release system are given in paragraphs 
3-2 through 3-4. The user must be thoroughly familiar with all 
controls and indicators to operate the PUMA safely and efficiently. 

This chapter also includes a complete discussion of the steps re¬ 
quired for system power-up and calibration preparatory to running a 
program, the steps required for system power-down, an auto start 
procedure, and an explanation of World and Tool coordinates. 

3-2. CONTROLLER AND VDT/DISK DRIVE UNIT - CONTROLS AND 
INDICATORS 

The controls and indicators are located on the controller front 
panel and "C" interface board, and VDT/disk drive unit. These are 
shown in Figures 3-1 through 3-3, respectively. Tables 3-1 through 
3-3, respectively, list the controls and indicators for each and 
provide functional descriptions of each. These tables should be 
used to become familiar with controller operation before running 
the PUMA system and as a reference during continued use. 
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11 12 13 

Figure 3-1. Controller Front Panel 



Table 3-1. Controller Front Panel - Controls and Indicators 

FIGURE 3-1 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

1 LINE indicator Lights when line (AC input) power 
is supplied to control cabinet. 

2 POWER 
indicator 

Lights when 115V is applied to 
control module. 

3 POWER key 
switch 

Controls 115V supply to control 
module. 

4 ARM POWER 
indicator 

Lights when power is supplied to 
servomotors in robot arm. 

5 ARM POWER on 
pushbutton 
(momentary con¬ 
tact switch) 

| WARNING | 

Before pressing ARM POWER 
on pushbutton, operator and 
all other personnel and 
obstructions must be clear 
of robot arm maximum reach. 
If a malfunction occurs, arm 
behavior may be unpredictable 
when ARM POWER on pushbutton 
is pressed. 

| WARNING | 

When pressing ARM POWER on 
pushbutton, keep other hand 
near EMERGENCY STOP pushbut¬ 
ton (10) for emergency shut- 

| down if it should become 
necessary. 

When pressed, supplies power to 
servomotors in robot arm. Must 
be engaged for at least 0.5 
seconds. 
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Table 3-1. Controller Front Panel - Controls and Indicators (Cont) 

FIGURE 3-1 
REFERENCE 

CONTROL OR 
INDICATOR 

5 
(Cont) 

ARM POWER on 
pushbutton 
(momentary con¬ 
tact switch) 

FUNCTION 

WARNING 

The robot arm may drop 
slightly if it is fully 
extended horizontally and 
supporting maximum payload 
when ARM POWER on pushbutton 
is pressed. This condition 
is only momentary; arm will 
return to its original posi¬ 
tion. 

Note 

1. Arm power cannot be sup¬ 
plied until POWER ON key 
switch has been set to ON, 
VAL II initialized, and 
power and signal harness 
connector interlocks 
satisfied. 

2. When TEACH/PAUSE/RUN 
switch is in TEACH posi¬ 
tion, Deadman switch also 
controls ARM POWER state 
(ON/OFF). (Refer to 
Item 27, Table 3-4.) 

3. Certain fault conditions 
cause ARM POWER on push¬ 
button to be unresponsive. 
Examples are Emergency 
Stopband '[FATAL] servo 
errors ^ Following such a 
condition/• VAL II must be 
restarted with.the POWER 
key or the INIT. SW. on 
the "C" interface board. 
The robot arm must be recal¬ 
ibrated but initialization 
(i.e., zeroing of user 
memory) need not be per¬ 
formed . 
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Table 3-1. Controller Front Panel - Controls and Indicators (Cont) 

FIGURE 3-1 CONTROL OR 
REFERENCE INDICATOR FUNCTION 

5 ARM POWER on Note 
(Cont) pushbutton 

(momentary con- 4. For VAL II (Version 2.0 
tact switch) and higher, the software 

need not be reinitialized. 
The procedure is to switch 
the TEACH/PAUSE/RUN switch 
from PAUSE to RUN to clear 
the error. Calibration 
will be necessary. 

6 ARM POWER Off 

pushbutton 
(momentary 
break-of- 
contact switch) 

WARNING 

Do not press ARM POWER off 
while arm is moving. ARM 
POWER off is not an EMERGENCY 
STOP. 

To reactivate arm after power is 
off, press ARM POWER on pushbutton. 

Note 

1. Robot arm does not lose 
calibration when ARM POWER 
off is used or when arm is 
moved with no power supplied 
to arm. 

2. Arm power is supplied for 
approximately 0.5 seconds 
(time needed to enable 
electromechanical disk 
brakes) after ARM POWER 
off pushbutton is pressed. 
This prevents arm movement 
during shutdown. 
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Table 3-1. Controller Front Panel - Controls and Indicators (Cont) 

FIGURE 3-1 CONTROL OR 
REFERENCE INDICATOR FUNCTION i 

7 REMOTE/LOCAL Controls state of system control 
key switch as follows: 

WARNING | 

Do not : switch between REMOTE 
and LOCAL while program is 
running. This can cause arm 
to stop suddenly. Any object 
in gripper can be thrown or 
arm may be damaged. 

LOCAL: Enables all controls on 
front panel of controller. 

REMOTE: Disables all controls on 
front panel of controller (except 
POWER key switch and EMERGENCY STOP 
pushbutton) and enables all remote 
controls. 

8 TEACH/PAOSE/RUN Controls mode of operation as 
selector switch follows: 

WARNING 1 

Do not place TEACH/PAUSE/RUN 
switch in TEACH while program 
is running. When placed back 
in RUN, arm resumes motion 
from where it was interrupted. 
Beware of obstacles. It is 
advisable to abort program 
before entering TEACH mode. 

Note 

If "Deadman" switch function 
on teach pendant is linked in, 
this also controls Arm Power. 
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Table 3-1. Controller Front Panel Controls and Indicators (Cont) 

FIGURE 3-1 CONTROL OR 
REFERENCE INDICATOR FUNCTION 

8 TEACH/PAUSE/RUN TEACH: In TEACH mode, a program 

(Cont) selector switch may be written or modified using 
VAL II instructions, or arm may be 
taught new points using teach pen¬ 
dant . 

When the "Deadman" switch is linked 
in and Arm Power is on, this posi¬ 
tion turns off Arm Power tempor¬ 
arily. Arm Power is restored by 
holding down the "Deadman" switch 
on the teach pendant or by turning 
this control to the PAUSE position. 

PAUSE: Immediately halts user pro¬ 
gram and decelerates arm to a stop. 
When TEACH/PAUSE/RUN selector 
switch is returned to RUN position, 
user program continues. 

RUN: When selected, user programs 
may be executed. 

Note 

Switching from PAUSE to RUN 
clears certain fault condi¬ 
tions in VAL II Version 2.0 
and higher. Wait 10 seconds 
after clearing error before 
switching to RUN. 

9 AUTO START Pushbutton must be pressed while 
pushbutton and setting POWER key switch to on 
indicator (or while pressing INIT. SW. push¬ 

button [7, Table 3-2] on "C" in¬ 
terface board) to initiate AUTO 
START sequence. Pushbutton must be 
engaged until indicator goes out. 
A detailed description of the AUTO 
START function is given in para¬ 
graph 3-7. 
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Table 3-1. Controller Front Panel - Controls and Indicators (Cont) 

FIGURE 3-1 
REFERENCE 

CONTROL OR 
| INDICATOR FUNCTION 

9 
(Cont) 

AUTO START 
pushbutton and 
indicator 

Note 

A momentary press of this 
pushbutton is the same as 
answering ”N" to load 
VAL II from floppy, and 
will display "initialize" 
message. 

10 EMERGENCY STOP 
mushroom head 
latching push¬ 
button . 

j Removes power from servomotors; 
activates dynamic and electro¬ 
mechanical brakes. 

When pushbutton is engaged, ES 
indicator on control section of 
display panel (13) is activated. 

To restore arm power, turn EMERGEN¬ 
CY STOP pushbutton clockwise (to 
disengage). However, ARM POWER on 
pushbutton is not responsive until 
VAL II is restarted. See notes in 
the ARM POWER on pushbutton (5) 
description. 

WARNING 1 

Do not use the EMERGENCY STOP 
pushbutton to remove arm power 
under normal operating con¬ 
ditions. Arm will drop if 
it is not in a vertical posi¬ 
tion when EMERGENCY STOP 
pushbutton is pressed (even 
if arm is not moving). 

11 Display panel - 
INPUT section 

32 indicators, one wired to each 
external input signal line. When 
an external input signal is re¬ 
ceived, corresponding indicator is 
activated. 
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Table 3-1. Controller Front Panel Controls and Indicators (Cont) 

FIGURE 3-1 CONTROL OR 
REFERENCE INDICATOR FUNCTION 

12 Display panel - 
OUTPUT section 

32 indicators, one wired to each 
external output signal line. When 
an external output signal is gen¬ 
erated by VAL II, corresponding 
indicator is activated. 

13 Display panel - 9 indicators, each wired to an 
CONTROL section external control signal line. When 

an external control signal is re¬ 
ceived or generated, corresponding 
indicator is activated. Indicators 
are labeled as follows: 

I - Initialize 
AS - Auto Start 
RN - Run 
OL - Off 
F - Fault 
TE - Teach 
AO - Arm Power On 
AF - Arm Power Off 
ES - Emergency Stop 

Note 

The "F - Fault" and the 
"ES - Emergency Stop" differ 
from the other indicators 
in that they reflect inter¬ 
nal status conditions as 
well as external control 
status. 

Descriptions of the above external 
control signals are provided in 
Table 2-1. 
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Figure 3-2. "C" Interface Board - Controls and Indicators 
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Table 3-2. "C" Interface Board - Controls and Indicators 

FIGURE 3-2 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

1 FAULT RESET 
pushbutton 

Clears major or minor amplifier 
error conditions as indicated by 
fault LEDs on the respective unit. 
Also clears the joint LIMIT SWITCH 
latch circuit. Allows restart of 
VAL II. 

2 VAL RUN 
indicator 

Activated when CPU is not in Octal 
Debugging Tool (ODT) (whenever 
VAL II system or a diagnostic 
routine is not executing). 

3 RUN/HALT switch When set to RUN position, allows 
VAL II to operate. When set to 
HALT position, places system in 
ODT (refer to User’s Guide To VAL 
II) . 

4 Joint LIMIT SW. 
indicator 

Activated when Joint 1, 2, or 3 
triggers an electrical limit 
switch. This condition is electri¬ 
cally latched and must be cleared 
by power off or FAULT RESET. 

5 COMMS. RESET 
pushbutton 

Note 

When under control of a 
supervisory system, VAL II 
does not respond to inputs 
through the terminal key¬ 
board (refer to User's Guide 
To VAL II). 

Removes system control from super¬ 
visory system and allows inputs 
through system terminal. Used 
when a communication problem be¬ 
tween VAL II and supervisory sys¬ 
tem arises. 

6 OVER TEMP, 
indicator 

Activated when controller tempera¬ 
ture exceeds 60°C (140°F). 

7 INIT• SW. 
pushbutton 

Initiates the VAL II boot routine. 
Does not reinitialize user memory. 
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DISK DRIVE 

VDT COMMAND KEYS 
VDT CONTROLS 

Figure 3-3. VDT/Disk Drive Unit - Controls and Indicators 
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Table 3-3. VDT/Disk Drive Unit - Controls and Indicators 

FIGURE 3-3 CONTROL OR 
REFERENCE INDICATOR FUNCTION 

1 KEYBOARD Prevents inputs through keyboard. 
LOCKOUT key 
switch 

VDT remains functional. 

2 POWER Turns on power to VDT/disk drive 
pushbutton unit. 

3 PRINTER Echoes all VDT displays (input or 
pushbutton output) at printer. 

Changes baud rate from 9600 to 300 
bits per second. 

CAUTION 

Do not press PRINTER push¬ 
button while VAL II is 
printing on screen as this 
may cause improper charac¬ 
ters or lock up VDT. If 
you wish to print part of a 
listing, press "Control S" 
to stop printout; then turn 
on printer and restart list¬ 
ing by pressing "Control Q" . 

Note 

Items 4 through 13 are the VDT command keys. Items 14 
through 21 are disk drive indicators 
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Table 3-3. VDT/Disk Drive Unit - Controls and Indicators 

FIGURE 3-3 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

PANIC/DO RDY 
key 

WARNING ] 
DO NOT use any of the fol¬ 
lowing command keys (Items 
4 through 13) before reading 
and thoroughly understanding 
the corresponding descrip¬ 
tions and programming infor¬ 
mation provided in the User's 
Guide To VAL II). 

CAUTION 

For safety reasons, some of 
of the functions for Items 4 
through 13 require a carriage 
return before VAL II can act 
on them. 

Note 

In Items 4 through 13, bottom 
part of key is listed first in 
Control or Indicator column. 

a. PANIC - Immediately stops 
program execution. Causes *Panic 
button hit* to be displayed on VDT, 

b. DO RDY - Moves the robot to 
READY location above workspace. 
This forces robot into a standard 
configuration. Regardless of where 
robot is located at the time, this 
command always succeeds. 
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Table 3-3. VDT/Disk Drive Unit - Controls and Indicators (Cont) 

FIGURE 3-3 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

4 
(Cont) 

PANIC/DO RDY 
key ^warningJ 

Be careful that robot does 
not strike anything while 
moving to READY location. 

5 ABORT/DO AL. 
key 

a. ABORT - Terminates execution of 
active robot control program after 
completion of step currently being 
executed, and terminates robot 
motion at completion of current 
motion. Execution can be resumed 
with the PROCEED command (refer to 
item 7a below). 

b. DO AL. - Causes tool to be 
rotated so that its Z axis is 
aligned parallel to the nearest 
axis of the world coordinate system 
(refer to paragraph 3-7-1). Pri¬ 
marily useful for lining up tool 
before a series of locations is 
taught. 

6 EXEC/DO MOVE 
key 

a. EXEC - Executes user robot 
control program (once specified 
through keyboard input). If no 
program is specified, execution of 
last program executed is rein¬ 
itiated . 

b. DO MOVE - Moves robot to a 
position and orientation specified 
through keyboard input. 

7 PROC/STORE key a. PROC - Proceeds execution of 
last robot control program at step 
following that at which execution 
is halted. 

b. STORE - Stores programs in 
files (both specified through key¬ 
board input). Also stores all sub¬ 
routines referenced by programs. 
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Table 3-3. VDT/Disk Drive Unit - Controls and Indicators (Cont) 

FIGURE 3-3 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

7 
(Cont) 

PROC/STORE key and all location and real-valued 
variables referenced by programs 
and subroutines. 

8 RETRY/LOAD key a. RETRY - Restarts execution of a 
robot control program. The point 
at which execution resumes depends 
on status at time execution is 
interrupted. If a program step or 
robot motion is interrupted before 
its completion, use of RETRY causes 
the interrupted operation to be 
completed before execution contin¬ 
ues normally. This allows user to 
retry a step that was aborted or 
caused an error. If no program 
step or robot motion is inter¬ 
rupted, RETRY has the same effect 
as PROCEED (refer to item 7a). 

b. LOAD - Loads contents of a file 
(specified through the keyboard) 
into system memory. If a program, 
location variable, or real vari¬ 
able, which has the same name as 
one contained in the disk file 
already exists in memory, it is 
deleted and replaced by information 
on diskette without warning. If a 
user program is being loaded into 
system and there is a line VAL II 
cannot process, an error message is 
displayed on the VDT and line be¬ 
comes a comment line introduced by 
";;". The VAL II editor can then 
be used to modify the program after 
it is completely read into memory. 

9 PCEXEC/PCEND 
key 

a. PCEXEC - Initiates execution 
of a process control (PC) program 
specified through the keyboard. 
If no program is specified, execu¬ 
tion of last program PCEXEC is 
reinitiated. 
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Table 3-3. VDT/Disk Drive Unit - Controls and Indicators (Cont) 

FIGURE 3-3 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

9 
(Cont) 

PCEXEC/PCEND 
key 

b. PCEND - Causes execution of 
current PC program to terminate at 
end of current execution cycle. 
Execution of process control pro¬ 
gram must actually stop before 
PCEND is completed. 

Note 

If process control program ! 
loops internally so that ! 
current execution cycle 
never ends, PCEND will wait 
forever. To cancel PCEND 
in this situation, type 
CONTROL C. Such process 
control programs must be 
terminated with PC ABRT 
(refer to item 10a below). 

10 PCABRT/LISTP 
key 

a. PCABRT - Terminates execution 
of current process control program 
after completion of step currently 
being executed. Unlike the ABORT 
key, the user must enter a RETURN 
to finish the command. This 
ensures that a PC program is not 
aborted unintentionally. 

b. LISTP - Displays all steps of 
user programs specified through the 
keyboard. If no program names are 
specified, all programs are listed. 

11 PCSTAT/LISTF 
key 

a. PCSTAT - Displays status in¬ 
formation for user process control 
program being executed. This in¬ 
cludes status of program, number of 
program execution loops completed 
and those remaining, and program 
and subroutine steps being exe¬ 
cuted . 

b. LISTF - Displays file direc¬ 
tory of diskette currently loaded 
on minifloppy disk and the amount 
of space still available for 
storage. 
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Table 3-3. VDT/Disk Drive Unit - Controls and Indicators (Cont) 

FIGURE 3-3 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

12 STATUS/TYPE key a. STATUS - Displays status infor¬ 
mation for system and user robot 
control program being executed. 
This includes status of robot, 
monitor commanded speed, number of 
program execution loops completed 
and those remaining, and program 
and subroutine steps being exe¬ 
cuted . 

b. TYPE - Displays information 
described by output specification 
entered through keyboard. 

13 DIR/DUMP key a. DIR - Displays names of all 
user programs in system memory. 

b. DUMP - Causes all information 
displayed on VDT to be printed on 
a TTY (hardcopy) terminal. 

CAUTION 

Any data sent from the con¬ 
troller while a DUMP is in 
progress will be lost. 

14 ON (power on) 
indicator 

Activated when power 
disk drive unit. 

is supplied to 

15 PR (parallel 
interface) 
indicator 

Activated when disk drive unit is 
operating in parallel rather than 
serial transmission mode. Parallel 
interface is a future option not 
available at this time. 

16 TR (transmit/ 
receive) 
indicator 

Blinks when disk drive unit is 
transmitting to or receiving 
information from the control 
module. 
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Table 3-3. VDT/Disk Drive Unit - Controls and Indicators (Cont) 

FIGURE 3-3 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

17 TS (test) 
indicator 

Activated when a test is in 
progress. 

Note 

This unit performs an auto¬ 
matic minimal test at start¬ 
up. In addition, a complete 
diagnostic routine is avail¬ 
able on diskette. 

18 ER (error) 
indicator 

Activated when disk drive unit has 
located a diagnostic error. 

19 E4, E2, El 
(error deter¬ 
minant ) 
indicators 

Activated in different combinations 
to provide seven possible error 
codes when a diagnostic error 
exists (refer to Troubleshooting, 
Chapter 5). 

20 Head Contact 
indicator 

Flashes during read/write cycles to 
indicate contact of record head 
with diskette. 

21 Door Lock 
latch 

Latches diskette door 
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3-3. TEACH PENDANT 

The teach pendant (Figure 3-4) is used to manipulate the joints 
of the robot arm and/or to enter work programs into the PUMA 
system. Table 3-4 lists the teach pendant controls and indica¬ 
tors and provides a functional description of each. The combined 
information should be used to become familiar with the teach 
pendant and as a reference for continued use. The teach pendant 
communicates with the user via an LED display. Each message is 
explained in Table 3-5. 

WARNING 

Do not disconnect teach pendant from 
controller when arm power is on and arm 
is moving. Disconnecting teach pendant 
opens E-Stop circuit and immediately 
shuts off arm power. Any object carried 
by the robot may be thrown, causing 
damage to personnel or equipment. 

Note 

If teach pendant is disconnected from 
controller at any time controller power 
is on, an E-Stop condition is activated 
and program cannot be executed. 
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28 

Figure 3-4. Teach Pendant 
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Table 3-4. Teach Pendant Controls and Indicators 

Note: When a teach pendant control is activated, a "beep" sounds 
to indicate system acceptance. 

FIGURE 3-4 CONTROL OR 
REFERENCE INDICATOR FUNCTION 

1 REC (record) With the PUMA system in the TEACH, 
pushbutton PAUSE, or RUN mode and with the 

# pushbutton 

CLAMP 1 

LED display 

proper VAL II programming (refer 
(refer to TEACH, T or TS commands 
in User's Guide To VAL II), 
pressing RECORD pushbutton inserts 
locations and/or motion instruc¬ 
tions in CMOS memory. With the 
PUMA system in the TEACH mode, 
location data can be changed 
without using teach mode commands. 

No function on 700 Series PUMA. 

Activates solenoid in robot arm 
to operate gripper. Next actuation 
deactivates the solenoid. 

Provides the following messages: 

UNIMATION 
LIMIT STOP 1 
LIMIT STOP 2 
LIMIT STOP 3 
LIMIT STOP 4 
LIMIT STOP 5 
LIMIT STOP 6 
ERROR NO VAL 
MANUAL MODE 

ERROR 
COMP MODE 
PROG RUNNING 
NO POINTS 
TEACH MOD J 
FATAL ERROR 
ARM PWR OFF 
1-2-3 LIMIT 

Refer to Table 3-5 for explanations 
of each message. 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 CONTROL OR 
REFERENCE INDICATOR FUNCTION 

4 LED display With system in teach pendant MOVE 

(Cont) mode (entered by pressing TP- or 
TP+) and setting TEACH/PAUSE/RUN 

CLAMP 2 

TP- 
TP+ 

selector switch to TEACH (item 8, 
Table 3-1), the following is dis¬ 
played on the teach pendant: 

POINT NAME LM 

The "L" is one of the following 
location related symbols: 

@ 

7 

R 
blank 

Tool displayed at point. 
No location assigned to 
point. 
Location out of reach. 
Tool not at point, point is 
in reach. 

The "M" gives the type of motion: 
joint interpolation or straight 
line motion. 

Activates a second device to oper¬ 
ate additional tooling (not in¬ 
stalled in standard unit). Next 
actuation deactivates the device. 

To use TP- and TP+ pushbuttons, 
TEACH/PAUSE/RUN selector switch 
must be set to TEACH. The TP- 
and TP+ pushbuttons allow user to 
enter teach pendant MOVE mode and 
step through all taught points 
alphabetically in a negative or 
positive direction (first letter 
alphabetizing only). As taught 
points are stepped through, the 
name of each is displayed. When 
the appropriate location appears, 
the user can press MOVE TP push¬ 
button to move tool to that loca¬ 
tion . 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

6 
7 

(Cont) 

TP- 
TP+ 

Pressing RECORD (1) pushbutton 
assigns current arm data to loca¬ 
tion displayed. 

When these pushbuttons are used, 
COMP mode is terminated unless a 
program is executing. 

8 COMP (computer) 
mode pushbutton 
and indicator 

Permits the user to switch control 
back to computer. If system is not 
in this mode, not arm motion can be 
called from either the terminal or 
a program. System must be in COMP 
mode for RESET to occur. 

9 TOOL mode 
pushbutton and 
indicator 

Preconditions X, Y, and Z motion 
pushbuttons (21 through 23) to move 
the hand along straight lines par¬ 
allel to the TOOL coordinate 
system. 

Indicator above pushbutton is 
activated when in this mode. 

10 WORLD mode 
pushbutton and 
indicator 

Preconditions X, Y, and Z motion 
pushbuttons (21 through 23) to 
move the hand along straight lines 
parallel to world coordinate sys¬ 
tem. Preconditions RX, RY, and 
RZ motion pushbuttons (24 through 
26) to rotate the hand about lines 
parallel to world coordinate 
system. 

Indicator above pushbutton is 
activated when in this mode. 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 CONTROL OR 
REFERENCE INDICATOR FUNCTION 

11 JOINT mode Preconditions motion pushbuttons 
pushbutton and (21 through 26) to rotate a single 
indicator joint in either a positive or 

negative direction. In this mode, 
only one joint can be driven at a 
time. 

Indicator above pushbutton is 
activated when in this mode. 

FREE mode allows direct manual 
12 FREE mode 

pushbutton and 
movement of robot arm. 

1 ■ 
indicator WARNING! 

Before activating FREE 
mode, ensure that arm is 
supported or positioned 
such that no damage can 
occur. When the following 
steps are performed, control 
of selected joint(s) is dis¬ 
abled, power to dynamic and 
electromechanical disk brakes 
is removed, and joint(s) be¬ 
come completely free swinging. 
Depending on configuration of 
arm and load it is supporting, 
freeing the joint may cause 
the arm to collapse, causing 
damage to PUMA and/or its 
surroundings. 

FREE mode is activated as follows: 

a. Press FREE pushbutton. 
b. Press plus (+) side of motion 
pushbutton(s) for appropriate 
joint(s). 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 CONTROL OR 
REFERENCE INDICATOR FUNCTION 

12 FREE mode ! While FREE mode is activated. 
(Cont) pushbutton and VAL II software no longer controls 

indicator joint(s) selected; the joint(s) 

13 TICK mode push¬ 
button and 
indicator 

selected may be manually positioned 
by operator into any desired con- 
figuration. 

If the operator moves a joint be¬ 
yond its software stop, VAL II 
resumes control of the joint, and 
any further movement will be 
inhibited. If this occurs, use 
JOINT pushbutton (II) to move joint 
back into its normal range. 

To deactivate FREE mode and return 
joint control to VAL II, press 
minus (-) side of motion push¬ 
button . 

Used in conjunction with any motion 
mode (TOOL, WORLD, JOINT) and with 
Teach Speed switch (29) to provide 
different speed ranges as follows: 

a. High speed - Arm moves slightly 
slower than lowest nontick speed. 

b. Normal speed - Arm moves 
slightly slower than in step a. 

c. Low speed - Arm does not move 
continuously. Each depression of 
a motion pushbutton causes arm to 
move a single VAL II position bit. 

Indicator above pushbutton is 
activated when in this mode. 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

14 TEACH indicator When activated, indicates that 
TEACH/PAUSE/RUN selector switch 
on front panel of controller is 
set to TEACH position and system 
is not in PAUSE. In this mode, 
robot arm can be moved using teach 
pendant. 

15 HOLD indicator When activated, indicates one of 
the following: i 

a. TEACH/PAUSE/RUN selector switch 
(Item 8, Table 3-1) is set to 
PAUSE position. 

b. HOLD (20) has been selected on 
teach pendant. 

c. Internal PAUSE is activated. 

16 RUN indicator When activated, indicates that 
TEACH/PAUSE/RUN selector switch j 
(item 8, Table 3-1) is set to RUN 
position, RUN (20) is selected on 
teach pendant, and arm is not in 
PAUSE. 

17 CAL (calibrate) 
indicator 

When activated, indicates that PUMA 
system is not calibrated. 

Calibration is required for accu¬ 
rate arm motion and software stop 
settings. The PUMA must be calib¬ 
rated each time the system is 
turned on, after a *FATAL* power 
error condition, or after an ini¬ 
tiate sequence. 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

18 MOVE TP 
pushbutton 

When pressed, causes arm to move in 
straight line to taught point (loc¬ 
ation) displayed on teach pendant 
at that time. Motion stops when 
pushbutton is released. Teach 
Speed switch (20) has no effect 
when in MOVE TP mode. 

19 NEXT STEP 
pushbutton 

Used in TP mode to scroll long 
names in the LED display so that 
entire name may be read. 

20 HOLD/RUN 
pushbutton 

If arm is moving when this push¬ 
button is pressed, arm is halted at 
next program step and HOLD indi¬ 
cator is activated. If arm is in 
HOLD and pushbutton is pressed and 
held for 2 seconds (until the RUN 
indicator lights), arm will 
continue program at next step. 

CAUTION 

Do not remove teach pendant 
after putting system into 
HOLD with teach pendant. This 
action will render system 
unusable until teach pendant 
is reinstalled and HOLD re¬ 
moved, or power down or up 
occurs. 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 
REFERENCE 

CONTROL OR 
INDICATOR 

21 X motion 
1 pushbutton 

22 Y motion 
2 pushbutton 

23 Z motion 
3 pushbutton 

24 RX motion 
4 pushbutton 

25 RY motion 
5 pushbutton 

26 RZ motion 
6 pushbutton 

FUNCTION 

The six motion pushbuttons are used 
to move the arm or joint when sys¬ 
tem has been preconditioned in 
TOOL, WORLD, JOINT, or FREE mode. 

WARNING | 

Do realize that when teach 
pendant has been precondi¬ 
tioned in TOOL, WORLD, or 
JOINT mode, and a motion 
pushbutton is pressed, the 
arm will move. All per¬ 
sonnel and equipment must 
be out of reach of the arm. 

WARNING 

Do realize that when teach 
pendant is preconditioned 
in FREE mode and a motion 
pushbutton is pressed, the 
arm, depending on its con¬ 
figuration and load, may 
collapse and cause damage 
to the PUMA and/or its 
surroundings. 

When a motion pushbutton is pressed 
with the system in FREE mode, the 
corresponding joint will become 
free swinging. When the FREE mode 
is active, VAL II does not control 
affected joint. The user may posi¬ 
tion joint in any configuration 
desired. If the user attempts to 
move joint beyond its software de¬ 
fined limits, VAL II will resume 
control of joint and lock it in its 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION j 

21 thru 26 
(Cont) 

current position. If this should 
occur, use JOINT mode pushbutton 
(11) to move joint back into its 
normal range. 

To deactivate FREE mode, and return 
joint to VAL II control, press 
minus side of motion pushbutton. 

27 DEADMAN'S 
switch 

Controls arm power state (on/off). 
Arm Power must be on and 
TEACH/PAUSE/RUN switch must be in 
TEACH position. 

The user may disable DEADMAN'S 
switch by jumpering terminals of 
LK1 on the "C" interface board. 

28 EMERGENCY STOP 
mushroom head 
latching 
pushbutton 

Removes power from servomotors and 
electromechanical disk brakes. 

When engaged, ES indicator on 
CONTROL section of display panel 
(refer to item 13, Table 3-1) is 
activated. 

To restore arm power, pull 
EMERGENCY STOP pushbutton out 
to disengage, turn TEACH/PAUSE/RUN 
switch from TEACH or RUN to PAUSE 
and back; then press ARM POWER ON 
pushbutton. 

1 WARNING 1 

Do not disconnect teach 
pendant from connector 
panel when arm power is on; 
power will be removed from 
servomotors, and brakes will 
be activated. 
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Table 3-4. Teach Pendant - Controls and Indicators (Cont) 

FIGURE 3-4 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

29 Teach Speed 
three-position 
spring loaded 
toggle switch 

This switch can be set to three 
positions (none are labeled). 
In the center position, the arm 
moves at normal (medium) speed. 
When pushed away from operator, 
arm moves at slow (creep) speed. 
When pulled toward operator, arm 
moves at high (jog) speed. If 
released from jog position, switch 
returns to center. 

Note 

There is no relationship 
between motion speeds ob¬ 
tainable under manual con¬ 
trol and those produced by 
computer control. 

If the TICK mode is being used and 
Teach Speed switch is set to jog 
position, arm moves at a rate 
slightly slower than lowest speed 
available without TICK mode. 
Setting switch to medium position 
causes slowest continuous motion of 
which arm is capable. When set to 
creep position, arm does not move 
continuously. Instead, arm moves 
a single VAL II position bit each 
time a motion pushbutton is 
pressed. 
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Table 3-5. Teach Pendant - Display 

MESSAGE MEANING 

UNIMATION Displayed when system is first turned on. 

LIMIT STOP 1 
LIMIT STOP 2 
LIMIT STOP 3 
LIMIT STOP 4 
LIMIT STOP 5 
LIMIT STOP 6 

The specified joint has reached its software 
stop. 

MANUAL MODE Robot arm can be controlled with teach 
pendant. 

COMP MODE Robot arm is under control of VAL II for 
user program execution. 

PROG RUNNING A user-written VAL II program is being 
executed. 

NO POINTS Indicates blank storage locations in a speci¬ 
fic memory (refer to TP-, TP+). 

TEACH MOD J System has been put in TEACH mode by using 
"T" command. 

ERROR-NO VAL Displayed if initialization query is not 
answered in 6 seconds, or when VAL II is not 
active (ODT). 

FATAL ERROR An error caused by any number of hardware 
failures (after 6 seconds changes to ERROR-NO 
VAL) . 

ARM PWR OFF Arm power is not supplied. 

HOLD TEACH/PAUSE/RUN selector switch on controller 
front panel is set to PAUSE position. 

1-2-3 LIMIT A limit switch has been activated. 
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Figure 3-5. Brake Release System 



3-4. BRAKE RELEASE SYSTEM 

The brake release system is used to release the electromechanical 
disk brakes of the joint servomotors when controller power is on 
and arm power is removed. Refer to Figure 3-5 and Table 3-6. 

Note 

It is difficult to move a joint after the 
electromechanical disk brake of its servo¬ 
motor has been released. Dynamic brakes are 
functional whenever arm power is removed 
and will resist any movement about the joint 
axis. 

Table 3-6. Brake Release System 

FIGURE 3-5 
REFERENCE 

CONTROL OR 
INDICATOR FUNCTION 

1 BRAKE RELEASE, 
SELECT & ENABLE 
(NORMAL/JT1/ 
JT2/JT3/WRIST) 
selector switch 

Preconditions joint(s) to be re¬ 
leased when Brake Release push¬ 
button is pressed (when set to 
WRIST, preconditions Joints 4, 5, 
and 6) . 

CAUTION 

Do not change setting of 
BRAKE RELEASE selector 
switch when Brake Release 
pushbutton (3) is depressed 
(may result in damage to 
selector switch). 

2 OFF LIMIT 
SWITCH 
indicator 

Activated when brake release system 
is operational. Deactivated when 
Joint 1, 2, or 3 electrical limit 
switch is tripped. 

3 Brake Release 
pushbutton and 
indicator 

Releases joint(s) preconditioned by 
BRAKE RELEASE selector switch (1). 
Indicator activated when depressed. 

WARNING | 

Do not release Joint 2 or 
3 unless arm is properly 
supported. 
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3-5. POWER-UP, INITIALIZATION, AND CALIBRATION PROCEDURE 

WARNING 

Make no attempt to program PUMA without 
first becoming familiar with the infor¬ 
mation in User's Guide To VAL II. 

Follow this procedure each time the PUMA system is powered up. 
At the conclusion of this procedure, the PUMA system is ready to 
be programmed. 

WARNING 

Do not proceed unless all mobile equip¬ 
ment, personnel, and obstructions are 
outside the maximum reach of the PUMA arm. 

Note 

For information on automatic startup, 
refer to paragraph 3-7. 

a. Ensure that arm power is off. 

b. Ensure that disconnect switch at rear of controller is in 
on position. 

c. Ensure that EMERGENCY STOP pushbuttons on front panel of 
controller and teach pendant are disengaged. Ensure that EMERGENCY 
STOP external control input signal line is jumpered in connection 
P145 (refer to Chapter 2). 

d. Set POWER key switch on VDT/disk drive unit to on position. 

e. Set POWER key switch on front panel to on position. Ensure 
that POWER indicator is activated. 

f. The VDT displays the message: 

* VAL II BOOT B7 6X.X.X DAYMONTHYEAR 
LOAD VAL II FROM FLOPPY (Y/N)? 

where 76X denotes PUMA model, X.X denotes software version, and 
DAYMONTHYEAR is the date of the software build and not the current 
date. 
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The second line is a request to determine whether the VAL II 
operating system disk should be loaded into CMOS. The response 
to this query should be "N" <RETURN> under all circumstances 
except the following: 

(1) The initial power up procedure following installation. 

(2) The power-up procedure following diagnosis and recovery 
from any problem involving memory corruption. 

(3) The power-up procedure following replacement of the 
CMOS memory board. 

(4) A change in the language of the error message responses 
is required. 

(5) A serial number change is required. 

If any of these conditions exist, proceed to step g. If none of 
these conditions exist, type "N" <RETURN> and proceed to step h. 

Note 

1. In this and other procedures, <RETURN> 
indicates that the RETURN key on the VDT 
is to be pressed. 

2. In this and other procedures, type " " 
indicates that all data in quotations are 
to be typed on the VDT keyboard. 

g. Insert VAL II system disk into the disk drive (label 
towards right or top of drive), latch drive door, and type "Y" 
<RETURN>. The VDT displays the message: 

Language for VAL II error messages: 
English(O), French(l), German(2), Spanish(3)? 

Type the appropriate response number followed by <RETURN>. The VDT 
displays the message: 

"Robot serial?" 
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Type "XXXX" <RETURN>. On a production VAL II system disk, XXXX is 
the last four digits of the robot serial number and is incorporated 
in the name of the overlay file that stores all calibration data 
for a specific robot. Therefore, the correct response to the above 
query is the last four digits of the robot serial number, unless the 
user changes the name of the overlay file. XXXX is used to automati¬ 
cally load the robot calibration data when VAL II is initialized in 
step i. 

After a delay of a few seconds (during which time the disk drive 
runs a test sequence), VAL II software begins to load into system 
memory. When the load is complete, the VDT displays the message 
shown in step h. 

Note 

During the software load, VAL II displays 
numbers on the VDT, and TR (transmit/re¬ 
ceive) and Head Contact indicators on the 
disk drive blink. 

h. The VDT displays a message similar to the following: 

VAL II 762.X.X.x H/W-DAYMONTHYEAR 28KW 
Initialize (Y,N)? 

Note 

1. The VAL II 762 identification numbers 
X.X depend on the software options (refer 
to Unimation drawing 935B). However, VAL II 
762 followed by identification numbers should 
always be displayed. 

2. If the operator answers "Y" (yes), 
user programs stored in memory are erased, 
and the system enters VAL II and begins 
initialization. If the operator answers 
"N" (no), the system allows access to VAL II 
without erasing user programs. 

i. Type "Y" or "N" <RETURN>. IF "Y" is typed, proceed to 
step j. If "N" is typed, proceed to m. 
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j. The VDT displays the message: 

Are you sure (Y , N) ? 

k. Type "Y" <RETURN>. 

l. The VDT displays the message: 

Loading overlay data, type AC to abort 

Note 

Circumflex character (A) represents CONTROL key. 

At this time the disk drive unit is accessed for the file 
SNxxxx.OVE, where xxxx refers to the last four digits of the 
robot serial number. This file contains the calibration data for 
the particular robot. If the user does not want the overlay read 
in (for example, the user has named the overlay data by a differ¬ 
ent filename during a POTCAL store), the user can abort the 
process by typing the CONTROL and C keys at the same time. If 
the load is completed, the system proceeds to step m. 

m. The system enters COMMAND mode, indicated by a 
(period) on the VDT to the left of the cursor. 

WARNING 

1. When pressing ARM POWER on pushbutton 
as instructed in the next step, keep your 
free hand near EMERGENCY STOP pushbutton 
for emergency shutdown if it should become 
necessary. 

2. Do ensure that robot arm is unobstructed 
and that all personnel and equipment are out¬ 
side the reach of the arm. 

n. Press ARM POWER on pushbutton. Four functions occur 
simultaneously: ARM POWER indicator is activated, PWM drives 
hum, arm power on light on robot arm is activated, and teach 
pendant displays a message on the LED. 

Note 

Remember that ARM POWER on pushbutton 
must be engaged for at least 0.5 seconds 
although indicator is activated immediately. 
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o. Set TEACH/PAUSE/RUN selector on console to the RUN 
position. 

p. Type "CALIBRATE" <RETURN>. This command can be abbreviated 
"CAL" <RETURN>. 

q. The VDT displays the message: 

"Are you sure(Y,N)?" 

r. Type "Y" <RETURN>. Each joint of robot arm is moved through 
a small angle. If calibration is successful, the VDT displays a 
and CALIB indicator on teach pendant is deactivated (if these do not 
occur, refer to Troubleshooting, Chapter 5). The PUMA system is now 
operating properly and is ready for the user to proceed. 

Note 

1. All joints cannot be moved through a large 
enough angle when robot arm is in certain con¬ 
figurations. LIMIT STOP N (N = a number indica¬ 
ting the specific joint) is displayed on teach 
pendant and "Joint out of range" is displayed on 
VDT. The operator must reposition the arm and 
repeat step p when this occurs. 

2. VAL II starts up at speed 50 (refer to User's 
Guide To VAL II). 

s. Type "SP 30" <RETURN>. (SP is the abbreviation of speed). 

WARNING 

Ensure that there is no obstruction in the path 
of the robot between the current position and the 
READY position. 

t. Type "DO READY". 

3-6. SHUTDOWN PROCEDURE 

Follow this procedure each time it is necessary to shut down the 
PUMA system. 

a. Stop any executing program by typing "ABORT" <RETURN> 
on VDT keyboard, pressing HOLD/RUN pushbutton on teach pendant, 
or setting TEACH/PAUSE/RUN selector switch on front panel of 
controller to PAUSE. (For an MC program that locks in an MC 
loop, type Control C to shut down.) 
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WARNING 

Do not press EMERGENCY STOP pushbutton 
while arm is moving except in an emer¬ 
gency. 

b. Turn arm power off by pressing ARM POWER off pushbutton. 
ARM POWER indicator is deactivated. 

CAUTION 

Turn arm power off before turning off 
controller. 

c. Turn off controller by setting POWER key switch on front 
panel of controller to off position. POWER indicator is deactivated. 

d. Turn off VDT by setting POWER key switch on VDT/disk drive 
unit to off position. 

3-7. AUTO START 

The Auto Start feature makes use of command programs to eliminate the 
need for a VDT to start up the robot. A command program, containing 
monitor commands to be executed at robot start up, is written on the 
VDT keyboard and stored in CMOS memory or on floppy diskette. (Ap¬ 
pendix A of the User's Guide to VAL II provides information on 
writing command programs.) When the AUTO START pushbutton is 
pressed, the system software automatically initializes, and the com¬ 
mand program is retrieved and executed. 

The Auto Start routine may be performed from the robot controller or 
remotely through the use of CX functions (paragraph 2-9-2). Each 
method is discussed in the following paragraphs. For all methods, 
the following preparations must be made before Auto Start procedure 
is performed. 

a. Create a command program named AUTO, containing the commands 
you want processed. These commonly include reading files from floppy 
disk drive, moving to a safe start position, and executing user pro¬ 
grams . 

b. Using STORE command, store the program (along with any other 
programs you want loaded automatically) in a floppy disk drive. 

Note 

1. To invoke the Auto Start sequence from floppy 
disk drive, remove jumper from "A" interface 
board and install it from El to E2 (refer to 
Figure 3-5A. 
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2. With these preparations completed, the system 
is ready for an Auto Start procedure. 

3-7-1 . AUTO START USING ROBOT CONTROLLER SWITCHES. To perform 
Auto Start from the robot controller, proceed as follows: 

a. Perform steps a through c, paragraph 3-7. 
b. Set MODE selector switch (on controller front panel) to RUN. 
c. Turn on line power disconnect switch on control cabinet. 
d. Press and hold down AUTO START pushbutton. 
e. Turn on controller power switch and continue to hold down 

AUTO START pushbutton for- about 3 to 5 seconds until AUTO START 

indicator goes out. 
f. Turn on robot ARM POWER. 

3_7_2. AUTO START USING CX FUNCTIONS. The procedure for Auto 
Start using CX functions is identical to procedure in paragraph 
3-7-1, except controller switches are replaced by external switches. 
The user must supply external AUTO START, POWER ON, RUN and ARM ON 
switches. Connection information for the switches is given in Table 
2-5, and functional descriptions of the signals is given in Table 
2-1. 

3_7_3. AUTO START AND EXTERNAL COMPUTERS. It is often desirable to 
have an external computer start up the robot system automatically. 
This can be accomplished by giving the external computer control of 
the robot CX functions. The external computer executes the proce¬ 

dure in paragraph 3-7-1. 

To establish the SUPERVISOR communication link as part of the Auto 
Start procedure, include monitor commands to CALIBRATE, ENABLE 
NETWORK, and ENABLE SUPERVISOR into program AUTO (a, paragraph 3-7). 
The robot will establish the SUPERVISOR communication link upon 
successful completion of the Auto Start procedure. For more 
information on supervisory communication, refer to Part 2 of the 
"User's Guide to VAL II." 
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3-8. EXPLANATION OF WORLD AND TOOL MODES 

Although there are several modes of operation for the PUMA system, 
the WORLD and TOOL modes require special explanation. 

These modes are selected when it is desired to move the robot arm 
so that the tool mounting flange moves in a straight path while 
maintaining a constant orientation relative to given sets of 
coordinates. The modes are also used to change the orientation of 
the mounting flange while maintaining its position. To accomplish 
these motions/ VAL II software calculates and controls the posi¬ 
tions required for each joint as the mounting flange moves. 

The names for these two modes come from the coordinate systems used 
as references. 

3-8-1. WORLD MODE. The reference coordinates for the WORLD mode 
are fixed in the work envelope of the robot arm as shown in Fiqure 
3-6. 

Using the BASE command in VAL II, the location of the origin and/or 
the orientation of the axes may be changed (refer to User's Guide 
To VAL II). 

CAUTION 

For highest accuracy, world coordinate locations 
should be referenced to a FRAME transformation 
(refer to User's Guide To VAL II). The locations 
for the transformation should be taught under the 
same conditions of loading and in the same vicinity 
as the working area in which the world or tool 
coordinate locations are used. This technique makes 
the user's program independent of individual robot 
characteristics. if a new robot is installed in 
the same position, only the FRAME locations need to 
be retaught. 

3-8-2. TOOL MODE. The reference coordinates for the TOOL mode 
are fixed in the mounting flange with their origin at the center 
(Figure 3-6). When this mode is chosen, the tooling mounting 
flange moves parallel to, or rotates about, the tool coordinate 
axes. 

Using the TOOL command in VAL II, the location of the origin and/or 
the orientation of the axes may be changed (refer to User's Guide 
To VAL II). 

3-8-3. ORIENTATION, ALTITUDE, AND TOOL (O.A.T.) ANGLES. These 
angles are formed by the tool coordinate axes when referenced to 
the XYZ world coordinate axes (refer to Figure 3-7). 
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Figure 3-6. World and Tool Coordinate Systems 



O- A measurement of the 
angle formed between 
the WORLD Y axis and 
a projection of the 
TOOL Z on the WORLD 
XY plane. 

**•.. TOOL Z 

A- A measurement of the angle 

formed between the TOOL Z 
and a plane parallel to the 
WORLD XY plane. 

TOOL Y 

T- A measurement of the angle 
formed between the TOOL Y 
and a plane parallel to the 
WORLD XY plane. 

Figure 3-7. Orientation, Altitude, and Tool (O.A.T.) Angles 
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CHAPTER 4 

MAINTENANCE 

4-1. GENERAL 

The PUMA 700 series system requires routine maintenance to ensure 
optimum system performance and reduce unscheduled downtime. Main¬ 
tenance should be performed only by personnel trained by Unimation. 

Comply with the following warnings when performing maintenance 
on the PUMA robot: 

WARNING 

DO NOT replace components or make adjustments to the 
equipment with electrical or pneumatic power turned on. 

DO NOT press ARM POWER off pushbutton while arm is moving 
except for an emergency stop. 

DO ensure that star lockwashers under the bolts are in¬ 
cluded when removing and replacing cover plate bolts from 
arm or controller. These lockwashers are essential to the 
electrical noise protection scheme. If lockwashers are not 
replaced, robot may exhibit sensitivity to electromagnetic 
noise interference. 

DO ensure that PUMA arm is properly supported before plac¬ 
ing arm in FREE Mode. After FREE pushbutton is pressed 
followed by pressing the appropriate JOINT pushbutton, that 
joint becomes free swinging. 

DO ensure that when BRK RLS switch is enabled, PUMA arm is 
properly supported before pressing BRAKE RELEASE pushbutton. 

DO realize that in FREE Mode, drive power and motor brakes 
are not applied so joint is free from any constraint. 

DO ensure that all personnel and obstructions are clear of 
PUMA arm maximum reach before pressing ARM POWER on 
pushbutton. 

DO keep other hand near ARM POWER off pushbutton when 
pressing ARM POWER on pushbutton. This is for emergency 
shutdown if necessary. 
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4-2. TOOLS AND SPECIAL EQUIPMENT 

The tools required to perform maintenance on PUMA are as follows: 

o Standard metric hand tools 

o Solid T-handle metric Allen wrenches (4 mm to 10 mm) 

o Ratchet, 3/8 inch drive with universal joint and 
12 or 14 inch extension 

o 3/8 inch square drive hex head metric driver socket 
set (4 mm to 10 mm) 

4-3. CONTROLLER MAINTENANCE 

The controller filter should be replaced after every 1000 hours of 
operation. Refer to Figure 4-1. 

WARNING 

Observe all warnings given in paragraph 4-1. 

CAUTION 

Environmental conditions may necessitate 
more frequent filter maintenance. The 
filter may be cleaned with a detergent and 
reused. 

a. Shut down PUMA system. 
b. Remove two screws (one on each side) securing retaining 

strip to filter housing. 
c. Remove retaining strip. 
d. Remove filter. 
e. Install new filter. 
f. Reinstall retaining strip. 
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Figure 4-1. Controller Filter Replacement 
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4-4. ROBOT ARM MAINTENANCE 

Periodic inspection and maintenance (Table 4-1) is required every 
1000 and 2000 hours. The required procedures are detailed and 
illustrated in paragraphs 4-4-1 through 4-4-6. 

Table 4-1. Periodic Robot Arm Inspection and Maintenance 

Procedure 
Operating Hours 

1000 2000 

Limit Stop Reset and Inspection X 

Gearset Lubrication X 

Gearset Inspection X 

Arm Harness Inspection X 

4-4-1. LIMIT STOP RESET AND INSPECTION. 

WARNING 

Observe all warnings given in paragraph 4-1 

CAUTION 

All mechanical and electrical limit stops 
must be set to maximum and minimum limits 
before performing a POTCAL procedure. 

Joints 1 and 2 are each equipped with electrical limit stops 
(limit switch and cams) and mechanical limit stops (stops and 
block). Joint 3 is equipped with electrical limit stops. The 
range of each joint of the robot arm is limited by upper and lower 
software stops. Refer to Table 4-2 and Figure 4-2. 
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WARNING | 

Do not attempt to increase the range of rotation 
of any joint of the robot arm. Limit stops are 
set at the factory to maximum allowable ranges of 
rotation. 

Note 

1. Limit stops must always be arranged so that 
joint will first stop at the software limit. 

2. Electrical limit stop should be reached at a 
user set position of 2 degrees beyond soft¬ 
ware stop. Thus, limit switch is only acti¬ 
vated in an error condition. 

3. Mechanical limit stop should be reached at a 
position of at least 10 degrees beyond soft¬ 
ware stop. 

To reduce range of rotation of Joint 1 or 2, the user must reset 
all limit stops (mechanical, electrical, software) of given joint. 
To reduce range of rotation of Joint 3, 4, 5, or 6, the user must 
reset only the software stops of given joint (Joint 3 electrical 
limit stops cannot be reset). 

Table 4-2. Limit Stops: Software, Electrical, Mechanical 

JT1 JT2 JT3 JT4 JT5 JT6 

Sof tware 

Upper 160.0 20.0 -135.0 266.0 110.0 266.0 
Lower -160.0 160.0 - 45.0 -266.0 -110.0 -266.0 

Electrical 

j Upper 162.0 22.0 -133.0 — _ _ 
Lower -162.0 158.0 - 47.0 - - - 

Mechanical 
(approx.) 

Upper 170.0 30.0 — — — — 

Lower -170.0 150.0 “ 
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Figure 4-2. Limit Stops Configuration - Joints 1, 2, and 3 
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4-4-1-1. Mechanical Limit Stop Reset. To reset mechanical limit 
stops, proceed as follows (refer to Figure 4-3): 

WARNING | 

1. Observe all warnings given in paragraph 4-1. 

2. Do not reset any mechanical or electrical 
limit stop without first ensuring that arm 
power is off. 

3. Always reset electrical limit stops and soft¬ 
ware limits whenever mechanical stop positions 
are changed. It is essential that electrical 
limit range is less than range allowed by 
mechanical stop. In addition, software limit 
range must be less than range allowed by elec¬ 
trical limit stop. If joint goes beyond a 
software limit in a fault condition, it must 
trip electrical stop to slow it down before it 
reaches the mechanical stop. 

a. Ensure that arm power is off. 
b. Remove two bolts securing block to gear (JT1-G4 or 

JT2-G6) cover. 
c. Remove block. 
d. If resetting Joint 2 mechanical limit stops, proceed 

to step f. 
e. To reset Joint 1 mechanical limit stops, proceed as 

follows: 
(1) Using brake release system, move Joint 1 to 170.0 

-170.0 on indicator scale. Stop should be accessible through 
block cutout. 

(2) Remove M6 bolt securing stop to JT1-G4. 
( 3) Use M8 x 35 mm long jacking bolt to free stop 

from dowel hole. 

Note 

Mechanical stops are always set at least 
10 degrees beyond software stops. The 
Joint 1 software stops are set at the factory 
to allow 320 degrees of rotation. The block 
and stop combination physically occupies an 
additional 20 degrees. Therefore, the PUMA is 
equipped with only one stop on Joint 1. To 
reset the Joint 1 mechanical stops, the user 
must obtain a second stop from Unimation. 

or 
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DOWEL HOLES 

(20° INCREMENTS) 

Figure 4-3. Mechanical and Electrical Limit Stops - 
Typical of Joints 1 and 2 
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(4) Remove stop through block cutout. 
(5) Using brake release system, move Joint 1 toward 0 on 

indicator scale (back into range) in 20-degree increments until 
new limit (upper or lower, depending on reading on indicator 
scale when stop was removed) is reached on scale. 

Note 

Mechanical stops can be reset in 20-degree 
increments only. 

(6) Reinstall stop into dowel hole and secure with bolt. 
(7) Using brake release system, move Joint 1 to new limit 

on opposite side of range. 
(8) Install second stop into dowel hole and secure with 

bolt. 
(9) Reinstall block into cutout and secure with bolts. 

Be sure moving block is inside the new, restricted range of 
rotation of the joint when it is reinstalled. 

f. To reset Joint 2 mechanical limit stops, proceed as 
follows: 

(1) Using brake release system, move Joint 2 to 30.0 or 
-150.0 on indicator scale. Stop should be accessible through 
block cutout. 

(2) Remove M6 bolt securing stop to JT2-G6. 
(3) Use M8 x 35 mm long jacking bolt to free stop from 

dowel hole. 
(4) Remove stop through block cutout. 
(5) Using brake release system, move Joint 2 toward -90 

on indicator scale (back into range) in 20-degree increments until 
new limit (upper or lower, depending on reading on indicator scale 
when stop was removed) is reached on scale. 

Note 

Mechanical stops can be reset in 20-degree 
increments only. 

(6) Reinstall stop into dowel hole and secure with bolt. 
(7) Repeat steps f(l) through f(6) for the second stop. 
(8) Reinstall block into cutout and secure with bolts. 

Be sure moving block is inside new restricted range of rotation 
of joint when it is reinstalled. 
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g. Using brake release system, rotate joint through new 
range and check that mechanical stops are in desired positions. 
Determine position of mechanical stops in degrees of joint 
rotation using mechanical scale or VAL II "WHERE" command. 

4-4-1-2. Electrical Limit Stop Reset, Adjustment, and Inspection. 
To reset, adjust, and inspect electrical limit stops, proceed as 
follows (refer to Figure 4-3): 

WARNING 

1. Observe all warnings given in paragraph 4-1. 

2. Do not reset any mechanical or electrical 
limit stop without first ensuring that arm 
power if off. 

a. Ensure that arm power is off. 

Note 

Joint 3 electrical limit stops are set at the 
factory and cannot be reset by the user. 

b. If resetting Joint 2 electrical limit stops, proceed 
to step f. 

c. To reset Joint 1 electrical limits after a mechanical 
stop has been moved, proceed as follows: 

(1) Remove two bolts securing upper limit cam to JT1-G4 
cover. 

(2) Remove cam. 
(3) Note number of 20-degree increments upper mechanical 

stop was moved in previous procedure. 
(4) Reposition cam same number of increments toward zero 

on indicator scale. 
(5) Secure upper limit cam to cover. 
(6) Remove two bolts securing lower limit cam to cover. 
(7) Remove cam. 
(8) Note number of 20-degree increments lower mechanical 

stop was moved in previous procedure. 
(9) Reposition cam same number of degrees toward zero on 

indicator scale. 
(10) Secure cam lower limit to cover. 
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d. To inspect and adjust limit switch operation, proceed as 
follows: 

Ensure that the BRAKE RELEASE, SELECT, and 
ENABLE (NORMAL/JT1/JT2/JT3/WRIST) selector 
switch (paragraph 3-4) is set to JT1. 

Note 

1. During normal operation, do not activate 
limit switch braking system. The OFF LIMIT 
SWITCH indicator on shoulder (refer to para¬ 
graph 3-4) should deactivate when a cam trips 
a limit switch if system is working properly. 
The deactivated indicator also indicates cam 
location, which can be checked relative to a 
specific joint indicator scale. 

2. When a cam trips a limit switch, the L.S. 
indicator on the ”C" interface board is 
activated. To reset a limit switch, the 
FAULT RESET pushbutton (also on the "C" 
interface board) must be pressed. 

(1) Using brake release system, release electromechanical 
disk brake of Joint 1 servomotor. 

(2) Physically rotate joint to activate limit switch. 
Check for switch function. The OFF LIMIT SWITCH indicator goes 
out and LIM. SW. indicator comes on. Note location at which cam 
tripped the switch. This should be at 2 degrees beyond software 
limit (normally, at plus or minus 162 degrees). 

(3) Inspect limit switch system at opposite extreme of 
Joint 1 rotation as in preceding step d(2). 

(4) Rotate arm inside software stops (plus or minus 
160 degrees). Reenable servomotor brakes. 

(5) If proper switch function is not indicated, refer to 
Chapter 5, Troubleshooting. 

(6) If either cam trips limit switch at wrong location, 
reposition cam. Loosen bolts and slide cam toward or away from 
limit switch as required. 

e. Proceed to paragraph 4-4-1-3. 
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f. To reset Joint 2 electrical limit stops after a mechanical 
stop has been moved, proceed as follows: 

(1) Remove two bolts securing upper limit cam to JT2-G6 
cover. 

(2) Remove cam. 

(3) Note number of 20-degree increments upper mechanical 
stop was moved in previous procedure. 

(4) Reposition cam same number of degrees toward -90 on 
indicator scale. 

(5) Secure upper limit cam to cover. 
(6) Remove two bolts securing lower limit cam to cover. 
(7) Remove cam. 

(8) Note number of 20-degree increments lower mechanical 
stop was moved in previous procedure. 

(9) Reposition cam same number of increments toward -90 on 
indicator scale. 

(10) Secure cam to cover. 

g. To inspect and adjust limit switch operation, proceed as 
follows: 

WARNING 

Ensure that the BRAKE RELEASE, SELECT, and 
ENABLE (NORMAL/JT1/JT2/JT3/WRIST) selector 
switch (paragraph 3-4) is set to JT2. 

Note 

During normal operation, do not activate 
limit switch braking system. The OFF LIMIT 
SWITCH indicator on shoulder (refer to para¬ 
graph 3-4) should deactivate when a cam trips 
a limit switch if system is working properly. 
The deactivated indicator also indicates cam 
location, which can be checked relative to a 
specific joint indicator scale. 

, (1) Using brake release system, release electromechanical 
disk brake of Joint 2 servomotor. 

(2) Physically rotate joint to activate limit switch. 
Check for switch function. The OFF LIMIT SWITCH indicator goes 
out and LIM. SW. indicator comes on. Note location at which cam 
tripped the switch. This should be at 2 degrees beyond software 
limit (normally, at 22 or 158 degrees). 

(3) Inspect limit switch system at opposite extreme of 
Joint 2 rotation as in preceding step g(2). 

(4) Rotate arm inside software stops (between 20 and 
158 degrees). Reenable servomotor brakes. 
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(5) If proper switch function is not indicated, refer to 
Chapter 5, Troubleshooting. 

(6) If either cam trips limit switch at wrong location, 
reposition cam. Loosen bolts and slide cam toward or away from 
limit switch as required. 

h. Proceed to paragraph 4-4-1-3. 

4-4-1-3. Software Limit Check and Reset. 

|warningJ 

1. Observe all warnings given in paragraph 4-1. 

2. The user must read and thoroughly understand 
all pertinent information in "User's Guide To 
VAL II," before performing any part of the 
procedure listed in this paragraph. 

Note 

The user must perform the Power Up, Initialization, 
and Calibration procedure provided in paragraph 3-5 
before checking or resetting any software limit. 

a. To check and/or reset upper software limit of any joint 
of the robot arm, proceed as follows: 

(1) In command mode, type "ulimit" <RETURN>. 
(2) VDT displays: 

Maximum: 

JT1 

159.999 

JT2 JT3 

20.001 -135.000 

Present: 

JT1 

159.999 

JT2 JT3 

20.001 -135.000 

JT4 JT5 JT6 

266.00 109.998 266.00 

JT4 JT5 JT6 

266.00 109.998 266.00 

Change? 
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(3) To leave all six upper software limits unchanged, 
press <RETURN> key. 

(4) To change any or all upper software limits, enter the 
new values for each joint and separate the values with commas. 
For example, to change the upper software limits of Joints 2 and 4, 
type ",17,,260,,," <RETURN>. (Note that at least three commas 
are necessary.) 

(5) VDT displays: 

Present: 

JT1 JT2 

159.999 17.000 

Change? 

JT3 

-135.000 

JT4 JT5 

260.00 109.998 

JT6 

266.00 

(6) At this point, you can enter more changes as in 
step a(4), or press <RETURN> key. 

b. To check and/or reset lower software limit of any joint 
of robot arm, proceed as follows: 

(1) In command mode, type "llimit" <RETURN>. 
(2) VDT displays: 

Minimum: 

JT1 

-159.999 

Present: 

JT1 

-159.999 

Change? 

(3) To leave all six lower software limits unchanged, 
press <RETURN> key. 

JT2 JT3 JT4 JT5 JT6 

159.999 -45.000 -266.00 -109.998 -266.00 

JT2 JT3 JT4 JT5 JT6 

159.999 -45.000 -266.00 -109.998 -266.00 
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(4) To change any or all lower software limits, enter 
new values for each joint and separate the values with commas. 
For example, to change lower software limits of Joints 2 and 4, 
type ",165,,-260,,," <RETURN>. (Note that the last three commas 
are necessary.) 

(5) VDT displays: 

Present: 

JT1 

-159.999 

JT2 

165.000 

Change? 

JT3 

-45.000 

JT4 

-260.00 

JT5 

-109.998 

JT6 

-266.00 

(6) At this point, you can enter more changes as in 
step b(4), or press <RETURN> key. 

4-4-2. GEARSET LUBRICATION. Gearsets in robot arm require 
lubrication. Refer to Figure 4-4 for grease nipple locations. 

WARNING 

Observe all warnings given in paragraph 4-1. 

a. Inject gear grease (Longtime PD-1, Unimation Part 
No. 501-7028) through grease nipples to lubricate each gearset. 

b. Do not "pack" or overlube gearsets. Ten pumps are 
sufficient to lubricate each gearset of the robot arm. 

Note 

1. When injecting grease into grease nipple, 
drive corresponding joint to each end of its 
range every two pumps. 

2. Forearm cover must be removed to lubricate 
Joint 4 and Joint 5 gearing. 
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Figure 4-4. Robot Arm: Gearset Lubrication 
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4-4-3. GEARSET INSPECTION. Binding (overmesh) or cogging occurs 
when two gears in a gearset are positioned too close to each other, 
resulting in an oscillating movement of the arm. Since a gear can 
have high points and low points, a drive train can appear to bind 
in some positions (when the high points of each gear are aligned) 
and not in others. 

CAUTION 

Do not operate robot arm if binding is present. 

Backlash occurs when two gears in a gearset are positioned too 
far apart. The result is free play. Even if a particular robot 
arm does not require extreme positioning accuracy, backlash must 
be minimized or excessive gear wear will result. 

Determining the presence of binding or backlash requires a subjec¬ 
tive skill. This skill cannot be learned from this manual. It 
must be learned from hands-on experience at the Unimation Robot 
Training School. 

When performing a gearset inspection, always check Joint 6 first 
and proceed sequentially to Joint 1. To inspect a joint for binding, 
the electromechanical disk and dynamic brakes of its servomotor 
must be released. The operator must then rotate the joint through 
its arc of rotation, while "feeling" for binding. 

Backlash inspection is performed with brakes enabled so that joint 
is locked. To inspect for backlash, operator must manually attempt 
to rotate each joint about its axis at various locations through 
the range. If backlash is present, operator will "feel" free play. 
Backlash is eliminated at high points of gearset. Thus, there 
may be some backlash present at certain locations since zero back¬ 
lash at low runout points cause binding at high points. 

WARNING 

Do not release the brakes of any joint without 
first ensuring that the robot arm is properly 
supported. Depending upon its configuration, 
arm may collapse and cause damage to itself or 
its surroundings. 
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4-4-3-1. Wrist Joint 6. 

WARNING 

1. Observe all warnings given in paragraph 4-1. 

2. Do not free Joint 6 unless arm is properly 

supported. 

3. Remove any payload from robot before 

proceeding. 

Note 

It may be necessary to attach a bar to hand 

mounting plate to rotate Joint 6 in the 

following procedure. 

a. To free Joint 6, proceed as follows: 

(1) Set BRAKE RELEASE selector switch to WRIST. 

(2) Turn off controller power. Turn off mains power at 
rear cabinet disconnect switch. 

(3) Remove Joint 6 power amplifier board from power 

amplifier backplane to disable dynamic braking circuit. 

(4) Turn on mains and controller power. 

(3) Press BRAKE RELEASE pushbutton on forearm. 

b. Inspect for binding by rotating mounting flange 180 

degrees clockwise and then counterclockwise. 

c. Inspect for backlash at various locations by releasing 

BRAKE RELEASE pushbutton (locking joint) and attempting to rotate 
joint clockwise and then counterclockwise. 

d. Turn off controller power. 

e. Reenable dynamic braking by replacing power amplifier 
board removed in step a(3). 

f. If cogging or excessive backlash is noted in step b or c, 
proceed to paragraph 5-5-1-1. 
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4-4-3-2 Wrist Joint 5 

WARNING 

1. Observe all warnings given in paragraph 4-1. 

2. Do not free Joint 5 unless arm is properly 
supported. 

3. Remove any payload from robot before proceeding. 

a. To free Joint 5/ proceed as follows: 
(1) Set BRAKE RELEASE selector switch to WRIST. 
(2) Turn off mains power and rear cabinet disconnect 

switch. Remove Joint 5 power amplifier board from power amplifier 
backplane to disable dynamic braking circuit. Turn on power. 

(3) Press BRAKE RELEASE pushbutton on forearm. 
b. Inspect for binding by rotating wrist housing assembly 

100 degrees clockwise and then counterclockwise. 
c. Inspect for backlash at various locations by releasing 

BRAKE RELEASE pushbutton (locking joint) and attempting to rotate 
joint clockwise and then counterclockwise. 

d. Reenable dynamic braking by replacing power amplifier 
board removed in step a(2). 

e. If cogging or excessive backlash is noted in step b or c, 
proceed to paragraph 5-5-1-1 and 5-5-1-2. 

4-4-3-3. Wrist - Joint 4. 

WARNING | 

1. Observe all warnings given in paragraph 4-1. 

2. Do not free Joint 4 unless arm is properly 
supported. 

3. Remove any payload from robot before proceeding. 

a. To free Joint 4, proceed as follows: 
(1) Set BRAKE RELEASE selector switch to WRIST. 
(2) Turn off mains power and rear cabinet disconnect 

switch. Remove Joint 4 power amplifier board from power amplifier 
backplane to disable dynamic braking circuit. Turn on power. 

(3) Press BRAKE RELEASE pushbutton on forearm. 
b. Inspect for binding by rotating wrist 180 degrees clockwise 

and then counterclockwise. 
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Dn.r,pC‘ Inspect for backlash at various locations bv releasinn 

iotnt RITLE£SE Pushbutton (locking joint) and attempting to rotate 
joint clockwise and then counterclockwise. 

d. Reenable dynamic braking by replacing power amplifier 
board removed in step a(2). p ier 

e. If cogging or excessive backlash is noted in steD b or c 
proceed to paragraph 5-5-1-3. P ' 

4-4-3-4. Elbow - Joint 3. 

I WARNING 

1. Observe all warnings given in paragraph 4-1. 

2. Do not free Joint 3 unless arm is properly 
supported. 

3. Remove any payload from robot before proceeding. 

4. Be aware that the weight of the forearm with 
no payload is roughly 13.5 kg (30 pounds) when 
held at center of wrist. 

a. To free Joint 3, proceed as follows: 

(1) Set BRAKE RELEASE selector switch to JT3. 

L2^ TUrn °ff mains Power and rear cabinet disconnect 
switch. Disconnect violet wire that supplies power to Joint 3 

r°rnronSep:„e^Ure ^ t0 diSable d*"amic *>«“»« circuit 

(3) Press BRAKE RELEASE pushbutton on forearm. 

b‘ J"spect for binding by rotating forearm 135 degrees clock¬ 
wise and then counterclockwise. 9 ciock 

BRAKFCrpt pIISeCt uur backlash at various locations by releasing 
Pushbutton (locking joint) and attempting to rotate 

joint clockwise and then counterclockwise. 

Reenable dynamic braking by reconnecting wire to power 
amplifier terminal block removed in step a(2). Ensure wire is 
firmly reconnected to terminal block by pulling on wire. 

proceed tf iS ^ Step b °r c' 
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VIOLET WIRES 

Figure 4-5. Power Amplifier Terminal Block 

4-4-3-5. Shoulder - Joint 2. 

WARNING | 

1. Observe all warnings given in paragraph 4-1. 

2. Do not free Joint 2 unless arm is properly 
supported. 

3. Remove any payload from robot before proceeding. 

4. Be aware that arm will rotate slowly upward 
due to influence of counterbalance weight. 

a. To free Joint 2, proceed as follows: 
(1) Set BRAKE RELEASE selector switch to JT2. 
(2) Turn off mains power and rear cabinet disconnect 

switch. - Disconnect violet wire that supplies power to Joint 2 
motor (see Figure 4-5) to disable dynamic braking circuit. 
Turn on power. 

(3) Press BRAKE RELEASE pushbutton on forearm. 
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b. Inspect for binding by rotating upper arm 110 degrees 
clockwise and then counterclockwise. 

c. Inspect for backlash at various locations by releasing 
BRAKE RELEASE pushbutton (locking joint) and attempting to rotate 
joint clockwise and then counterclockwise. 

d. Reenable dynamic braking by reconnecting wire to power 
amplifier terminal block removed in step a(2). Ensure wire is 
firmly reconnected to terminal block by pulling on wire. 

e. If cogging or excessive backlash is noted in step b or c, 
proceed to paragraph 5-5-1-5. 

4-4-3-6. Waist - Joint 1. 

WARNING 

1. Observe all warnings given in paragraph 4-1. 

2. Do not free Joint 1 unless arm is properly 
supported. 

3. Remove any payload from robot before proceeding. 

a. To free Joint 1, proceed as follows: 
(1) Set BRAKE RELEASE selector switch to JT1. 
(2) Turn off mains power and rear cabinet disconnect 

switch. Disconnect violet wire that supplies power to Joint 1 
motor (see Figure 4-5)" to disable dynamic braking circuit. 
Turn on power. 

(3) Press BRAKE RELEASE pushbutton on forearm. 
b. Inspect for binding by rotating robot arm 160 degrees 

clockwise and then counterclockwise. 
c. Inspect for backlash at various locations by releasing 

BRAKE RELEASE pushbutton (locking joint) and attempting to rotate 
joint clockwise and then counterclockwise. 

d. Reenable dynamic braking by reconnecting wire to power 
amplifier terminal block removed in step a(2). Ensure wire is 
firmly reconnected to terminal block by pulling on wire. 

e. If cogging or excessive backlash is noted in step b or c, 
proceed to paragraph 5-5-1-6. 
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4-4-4. ARM HARNESS INSPECTION. During normal operation, the 
arm harness undergoes continual flexing. The harness should be 
inspected for wear. Proceed as follows (refer to Figure 4-13): 

WARNING | 

Observe all warnings in paragraph 4-1. 

CAUTION 

Exercise care when inspecting harness to 
avoid snagging or damage. 

a. Shut down PUMA system, 
plate. 

b. Remove shoulder plate, two upper arm side covers, and fore¬ 
arm cover. 

c. Inspect high power (power) and low power (feedback) 
harnesses for evidence of wear or chafing. Make sure to 
inspect locations where harness passes through joint shaft or 
casting cutout. 

d. Reinstall covers. 
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JOINT 1 

MOTOR COVER 

Figure 4-6. Arm Harness Inspection 
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CHAPTER 5 

TROUBLESHOOTING AND SERVICE 

5-1. GENERAL 

This chapter provides troubleshooting and service procedures 
required to keep the PUMA 700 Series System (Models 761 and 762) 
in proper operating condition with an absoloute minimum of down- 
t ime. 

Comply with the following warnings when troubleshooting and 
servicing the PUMA robot: 

WARNING 

DO NOT replace components or make adjustments 
to equipment with electrical or pneumatic 
power on. 

DO NOT press ARM POWER OFF pushbutton while arm 
is moving, except for emergency stop. 

DO ensure that star lockwashers under the screws 
are included when removing and replacing cover 
plate screws from arm. Lockwashers are essential 
to noise protection scheme. If lockwashers are not 
replaced, robot may exhibit sensitivity to 
electromagnetic interference. 

DO ensure that PUMA arm is properly supported 
before placing arm in FREE mode. After FREE push¬ 
button is pressed, followed by pressing appropriate 
JOINT pushbutton, that joint becomes free swinging. 

DO realize that HIGH VOLTAGE is present at power 
panel and at transformer when rear access door 
safety interlock is defeated. 

DO keep one hand on ARM POWER OFF pushbutton when 
troubleshooting a joint suspect of moving out of 
control. 

DO realize that it is necessary to engage arm 
power just long enough to observe arm motion. 
Extended power can cause additional damage. 
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warningJ 

DO return all PC boards, motors, and cables to 
original locations after testing/service. 

DO ensure that when BRK RLS switch is enabled, 
PUMA arm is properly supported before pressing 
BRAKE RELEASE pushbutton. 

DO realize that in FREE mode, drive power and 
motor brakes are not applied, so joint is free 
from any constraint. 

DO ensure that personnel and obstructions are 
clear of PUMA arm maximum reach before pressing 
ARM POWER ON pushbutton. 

5-2. TOOLS, SPECIAL EQUIPMENT, AND SPARE PARTS 

The tools, equipment, and spare parts for troubleshooting and 
servicing the PUMA system are as follows: 

° Standard metric hand tools 

° Solid T-handle metric Allen wrenches (4 to 10 mm) 

0 Metric ball-end Allen wrenches (1.5 mm to 10 mm) 

° Standard electrical tools 

Rachet, 3/8 inch drive with universal joint and 
12-14 inch extension 

0 3/8 inch square drive hex head metric driver socket 
set (4 to 10 mm) 

° Rubber mallet 

° Metric micrometer (used with gauge blocks) 

° Multimeter 

° Grade C Loctite (or equivalent) 

° Gauge blocks or optional Unimation gauge blocks, Part 
No. 4915B80G01 and 4915B80G02) 

° Feeler gauges 

° Spare Parts List (refer to Chapter 6) 



5-3. GENERAL PRINCIPLES OF TROUBLESHOOTING 

The following paragraphs provide troubleshooting techniques to 
to keep the PUMA in proper operating condition with an absolute 
minimum of downtime. It is recommended that the user have spare 
parts (refer to Chapter 6) available when using the method de¬ 
scribed in the following paragraphs. 

PUMA troubleshooting procedures are intended to solve problems 
as quickly as possible. The concept is to isolate the problem to 
a physical block, then replace the faulty block (a physical block 
is a replaceable module, such as a PC board, servomotor, harness, 
etc.). The idea is to determine where, not what the problem is. 
Upon determination of where, that faulty block is then replaced 
with a new physical block. This allows a fault to be corrected 
without knowing the cause or the function of the block. After 
localizing the faulty block, it can be replaced with a good part. 
A defective part can also be interchanged with a good one through 
the Unimat ion Field Service Department. 

In addition, certain blocks are interchangeable (for example, all 
six digital servo boards; servomotors 1 and 2 or 4 and 5). This 
allows the user to interchange components (less time consumimg) 
and quickly pinpoint the source of the problem. 

5-3-1. PUMA CONTROL SYSTEM, BLOCK DIAGRAM. To proceed with this 
method of troubleshooting the PUMA, the user must understand the 
block diagram (Figure 5-1). This figure shows the PUMA 700 Series 
broken down into its various physical blocks. Some blocks affect 
the entire arm, others only one joint. It can be deduced that if 
a problem affects all joints, one of the blocks common to all 
joints is defective. Likewise, if only one joint exhibits a 
symptomatic problem, it is likely that one of the blocks within 
the string of blocks controlling that joint is in error. 

5-3-2. PUMA CONTROL SYSTEM, ELECTRONIC FLOW DIAGRAM. Figure 
5-2 illustrates the electronic flow diagram. The user should 
become familiar with this figure as an aid to troubleshooting 
the PUMA system. 

5-3-3. TROUBLESHOOTING INDICATORS AND DISPLAYS. The PUMA 
incorporates indicators and displays (messages) that aid in 
troubleshooting. Refer to Chapter 3 for a description of indi¬ 
cators and displays. Paragraphs 5-3-3-1 through 5-3-3-7 describe 
additional indicators and displays. 
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OPTIONAL 

Figure 5-1. PUMA Control System Block Diagram. 
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5-3-3-1. LSI 11/73 CPU Board Indicators. The LSI 11/73 has four 
LED indicators that are lighted when the LSI 11/73 powers up, and 
go off at the end of the diagnostic sequence. These LEDs can be 
used as an aid to troubleshooting. Figure 5-3 shows these indi¬ 
cators and their locations. Table 5-1 lists the indicators and 
their functions. 

Table 5-1. LSI 11/73 CPU Board Indicators 

LED INDICATOR FUNCTION 

D1 MICRO-ODT Activates only when 
LSI 11/73 is in ODT mode. 

D2 MICROCODE FAIL Indicates CPU module 
failure. 

D3 SLU FAILURE Indicates quad serial board 
system terminal port is 
not responding. 

D4 MEMORY FAIL Indicates memory system 
is not responding. 

Figure 5-3. LSI-11/73 CPU Board Indicators 
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5-3-3-2. "C" Interface Board Indicators. The "C" interface board 
incorporates LEDs that aid in troubleshooting. The board is loca¬ 
ted in the control card set and is not visible during normal oper¬ 
ation. Figure 5-4 shows the "C" interface board indicators and Table 
5-2 lists the indicators and their functions. (Refer to Table 5-13 
for troubleshoting procedures for system faults indicated by "C" 
interface board.) 

Table 5-2. "C" Interface Board Indicators 

LED INDICATOR FUNCTION 

Dl VAL RUN Activated when CPU is not 
in ODT (when VAL II system 
or a diagnotics routine is 
executing). 

D2 LIMIT SW. Activated when Joint 1, 2, 
or 3 triggers an electrical 
limit switch. This is an 
electrically latched 
condition and is cleared by 
FAULT RESET or power off. 

D3 OVER TEMP Activated when controller 
temperature exceeds 60°C 
(140°F). Temperature sensor 
is located on "C" interface 
board. 

Figure 5-4. "C" Interface Board Indicators 
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5-3-3-3. Major Joint Power Amplifier (Motor Control) Indicators. 
The major joint power amplifiers have LEDs that aid in trouble¬ 
shooting. These amplifiers, located on the rear access door of 
the controller, are not normally visible during operation. A 
safety interlock prevents access through the rear door while 
power is on. This interlock must be defeated to utilize the 
power amplifier LEDs. Figure 5-5 shows the major joint power 
(motor control) amplifier indicators and Table 5-3 lists these 
indicators and their functions. 

To defeat the interlock, proceed as follows: 

WARNING 

1. This procedure is for troubleshooting 
purposes and should be done by qualified 
maintenance personnel only. During normal 
operation, the rear door must be closed, 
and the safety interlock engaged. 

2. Dangerous voltages are present when rear 
door is open, and safety interlock is 
defeated. Avoid leaning on door, or 
coming in contact with power amplifier 
assembly on rear door. 

3. Observe all warnings given in paragraph 5-1. 

a. With controller power on, unlock rear door using 7 mm 
hex key. 

b. Open door until it comes into contact with safety latch. 
c. Using screwdriver, turn interlock defeat screw on side 

of main power switch. (See Figure 5-4A.) 
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BASE DRIVER BOARD 

LED 

Figure 5-5. Major Joint Power Amplifier Indicators 
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Table 5-3. Major Joint Power Amplifier 
(Motor Control) Indicators 

LED INDICATOR FUNCTION 

D5 SYSTEM OK 
(Green LED) 

Normally lit when controller 
power is on, and no faults 
present. 

D6 OVERCURRENT 
(Red LED) 

Activates when current 
exceeds 

D7 OVERSPEED 
(Red LED) 

Not used on PUMA Models 
761 and 762. If indicator 
lights, call Unimation 
Field Service. 

D8 CONTROL VOLTAGE 
LOW (Red LED) 

• 

Activated when +15 VDC 
voltage drops below +14.4 
VDC. 

D9 OVERTEMPERATURE 
(Red LED) 

Activated when power tran¬ 
sistor temperature on back 
door heat sink exceeds 
90°C or when ambient temp¬ 
erature exceeds 50°C. 

DIO 22 VDC PRESENT 
(Green LED) 

Normally lit when 22 VDC 
is present. 
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5-3-3-4. Major Joint Power Amplifier (Base Driver) Indicators. 

| WARNING | 

1. HIGH VOLTAGE is. present at power amplifiers 
when rear access door interlock is defeated. 
(Refer to paragraph for procedure to defeat 
interlock.) 

2. Observe all warnings given in paragraph 5-1. 

The major joint power base driver boards have LEDs for trouble¬ 
shooting. These boards, located on the rear access door of the 
controller, are not normally visible during operation. A safety 
interlock prevents access through the rear door while control 
power is on. This interlock must be defeated to utilize the power 
amplifier LEDs. Figure 5-5 shows the major joint power amplifier 
(base driver) indicators, and Table 5-4 lists these indicators 
and their functions. 

Note 

In normal condition, both LEDs are lit. 
Should a motor wire become open, the 
LED indicator for the other wire will 
not light. If both LEDs are unlit, the 
motor voltage is missing. 

Table 5-4. Major Joint Power Amplifier 
(Base Driver) Indicators 

LED INDICATOR FUNCTION 

D1 MOTOR CURRENT 
POSITIVE 
(Green LED) 

Indicates motor current 
flow in positive direction. 

D2 MOTOR CURRENT 
NEGATIVE 
(Green LED) 

Indicates motor current 
flow in negative direction. 
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5-3-3-5. Minor Joint Power Amplifier Indicators. The minor joint 
power amplifiers are rack-mounted in the power card set. Figure 
5-6 shows the minor joint power amplifier indicators and Table 
5-5 lists the indicators and their functions. 

Table 5-5. Minor Joint Power Amplifier Indicators 

LED INDICATOR FUNCTION 

D12 OVER CURRENT Activated when operating 
current exceeds 9A. 

Dll UNDER VOLTAGE Activated when voltage 
drops below 40 VDC. 
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5-3-3-6. Arm Signal Interface Board Indicators. The arm signal 
interface board incorporates LEDs that indicate the loss of any 
encoder line or 5 VDC signal. Figure 5-7 shows the arm signal 
interface board indicators, and Table 5-6 lists these indicators 
and their common function. 

Table 5-6. Arm Signal Interface Board Indicators 

LED INDICATOR FUNCTION 

D5 JOINT 1 Broken encoder LED 
activates when any one 

Dll JOINT 2 of three conditions occur: 

D17 JOINT 3 a. Encoder wire broken. 
b. 5 VDC line is open. 

D23 JOINT 4 c. Loss of ground. 

D29 JOINT 5 

D35 JOINT 6 

D41 Not used 

[=□ 0 

> 

0 0 0 0 0 ^ 0““ 

0 0 0 0 0 ^ 0 

0 ( 0 0 0 ° (1 

00000° (l 

0 0 0 0 0 ° o 

00 0 0 0 ° (I 

0 0 0 0 0 ° o 
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5-3-3-7. High Power Function Board Indicator. The high power 
function board incorporates an LED that indicates a fault in 
the power supply to the brake release. Figure 5-8 shows the 
high power function board indicator and Table 5-7 list the 
indicator and its function. 

Table 5-7. High Power Function Board Indicator 

LED INDICATOR FUNCTION 

D15 PS FAULT Indicates fuse failure due 
to fault in brake release 
circuit. 

Figure 5-8. High Power Function Board Indicator 

5-15 



5-3-4. TROUBLESHOOTING EXAMPLE: JOINT 3 MOVES WHEN ARM POWER 
IS TURNED ON. Table 5-8 details the logical sequence to determine 
where the problem is. 

The only known symptom is that when arm power is turned on. 
Joint 3 moves. This localizes the problem to Joint 3, restricting 
the search to components after the "B" interface board. Thus, the 
fault must be in one of the following components: digital servo 
board, power amplifier assembly, cabinet interconnect cable, 
low-power interconnect cable, arm harness, or servomotor. 

Table 5-8. Joint 3 Troubleshooting Example 

WARNING 

Observe all warnings given in paragraph 5-1. 

POSSIBLE CAUSE 

a. Faulty digital 
servo board 

PROCEDURE 

a. Ensure digital board is securely 
seated. (If problem is a non¬ 
function fault, ensure board is 
correctly located.) Interchange 
digital servo boards from Joint 
2 to Joint 3 to isolate fault. 
If problem still exists, return 
boards to original location and 
proceed to next step. If problem 
is now present at Joint 2, digi¬ 
tal servo board is faulty. Re¬ 
place board. 
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Table 5-8. Joint 3 Troubleshooting Example (Cont) 

POSSIBLE CAUSE 

b. Faulty servomotor b. 

PROCEDURE 

Proceed as follows: 

WARNING 

When interchanging a servo¬ 
motor arm harness connection, 
both connections must be 
changed. 

Remove upper arm side panel. 
Interchange Joint 2 and Joint 3 
harness connections. If Joint 2 
moves, problem is not in servo¬ 
motor; proceed to next step. If 
Joint 3 moves, servomotor is 
faulty. Return arm harnesses to 
original locations and replace 
servomotor-. 

Note 

The power amplifier assembly is the next logical 
component that could be faulty. However, it is 
time consuming to replace this assembly. As a 
general rule, move on to the less time consuming 
troubleshooting procedures. If problem persists, 
return to the steps skipped. 

c. Faulty power 
amplifier assembly 

c. Replace power amplifier assembly. 
Note numbering and location of con¬ 
nections. If Joint 3 still moves, 
problem is in electrical inter¬ 
connection. Proceed to next step. 
If Joint 3 operates normally, 
amplifier is faulty. 

d. Faulty electrical 
interconnection 

d. The electrical interconnection 
between controller port J30 and 
Joint 3 servomotor passes through 
cabinet interconnect cable, low 
power interconnect cable, and 
arm harness. 
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Table 5-8 Joint 3 Troubleshooting Example (Cont) 

POSSIBLE CAUSE PROCEDURE 

d. Faulty electrical 
interconnection 
(cont) 

Note 

The electrical intercon¬ 
nections can be inspected 
by performing a continuity 
check using an ohmmeter 
and wire run list, or when 
applicable by the preferred 
method of replacing a cable 
(harness) with a known good 
one. 

Check electrical interconnection. En¬ 
sure that there are no bent or broken 
pins; ensure all connections are 
tight. Sequentially replace and/or 
check continuity in each of the cables 
(harnesses). Replace faulty cable or 
harness. 

Note 

If arm harness is faulty, 
call Unimation Field Service. 

5-4. TROUBLESHOOTING 

Paragraph 5-4-1 is a pretroubleshooting guide that contains the 
correct PC board locations inside the controller. Paragraph 
5-4-2 contains troubleshooting procedures. If a system fault 
cannot be isolated, call Unimation Field Service. 

5-4-1. PRETROUBLESHOOTING GUIDE - BOARD POSITIONS. 

Ensure that all boards are properly located and seated securely. 
Check that all cables are properly connected. Figure 5-9 shows 
the PC board locations (control card set, power card set, and 
major joint power amplifier assembly). 
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Power Card Set PC Boards - rack mounted 

MAJOR POWER 

AMPLIFIER JT1 

MAJOR POWER 

AMPLIFIER JT2 

MAJOR POWER 

AMPLIFIER JT3 

Major Power Amplifiers 
located on rear door 

Figure 5-9. PC Board Locations 
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5-4-2. TROUBLESHOOTING PROCEDURES. Power-up and run sequence 
troubleshooting procedures are indexed in Table 5-9 and described 
in Table 5-10. Tables 5-11 through 5-18 detail faults indicated by 
VDT display, front panel LEDs, "C" interface board LEDs, arm signal 
interface board LEDs, minor joint power amplifier LEDs, major joint 
power amplifier (base driver) LEDs, major joint power amplifier 
(motor control) LEDs, and high power function board LED, 
respectively. 

Table 5-9. Power-Up And Run Sequence Troubleshooting 
Index For Table 5-10. 

_SYMPTOM_  PAGE 

Cabinet power switch inoperable. 5-22 

Cabinet fan(s) do not operate (controller powers up). 5-22 

POWER ON indicator does not light (controller powers up). 5-23 

Controller does not power up. 5-23 

VDT does not power up. 5-23 

No intialization message (controller and VDT power up)....5-24 

Garbled initialization message (controller and VDT power 

UP).   5-25 

ARM POWER does not come on (controller powers up). 5-26 

VDT does not respond correctly or system does not respond 
correctly to VDT.5-28 

Messages are displayed very slowly with excessive time 
between characters.5-30 

Teach pendant does not display message. 5-30 

Controller ARM POWER ON indicator does not light (arm 
power enabled). 5-31 

Joint (s) move when ARM POWER applied. 5-31 

Joints oscillate when arm power applied. 5-32 

Joints become limp when ARM POWER is removed. 5-3 3 

Joint(s) do not move in TEACH mode; move in RUN mode. 5-33 
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Table 5-9. Power-Up And Run Sequence Troubleshooting 
Index For Table 5-10 (Cont). 

_SYMPTOM_PAGE 

Joint (s) do not move in RUN and TEACH modes. 5-34 

Joint(s) not aligning properly at READY position. 5-35 

Joint(s) move in a jerking motion in TEACH and/or RUN 
modes. 5-36 

Arm moves to misplaced locations. 5-37 

Joint runaway; loss of feedback. 5-37 

Major joint drop. 5-38 

Minor joint drop. 5-38 

Arm does not respond correctly to commands from VDT or 
teach pendant. 5-39 

Gripper fails to operate. 5-40 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures 

WARNIN^J 

Observe all warnings given in paragraph 5-1. 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Cabinet power 
switch inoper¬ 
able . 

Rear access door 
not properly 
closed; safety 
interlock not 
engaged. 

Ensure rear access door is 
closed. 

Cabinet fan(s) 
do not operate 
(controller 
powers up.) 

a. AC power 
source faulty. 

a. Check main power breakers; 
reset if tripped. Check 
line power input (line 
power cable, house fuse). 

b. Fan power cable 
disconnected. 

b. Check AC power connnection 
at fan. 

c. Cabinet AC 
power faulty. 

c. Check fan power cable with 
voltmeter. If no power 
present, troubleshoot as 
follows: 

(1) Check circuit break¬ 
ers at power trans¬ 
former (bottom of 
controller). Reset 
if tripped. 

(2) Check AC harness 
to fans for contin¬ 
uity. Call Unimation 
Field Service if 
faulty. 

d. Faulty fans. d. Check fan power cable with 
voltmeter. If power is 
present, replace fans. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

POWER ON indi¬ 
cator does not 
light (con¬ 
troller powers 
up) . 

Defective POWER 
ON indicator 
bulb. 

Replace POWER ON indicator 
bulb. 

Controller 
does not power 
up (POWER ON 
indicator does 

a. Controller 
power cord dis¬ 
connected . 

a. Check controller power 
cord. Reconnect if neces¬ 
sary . 

not light; 
cooling fans 
do not oper¬ 
ate; no ini¬ 
tial ization 

b. Faulty CX (J145) 
electrical 
connections. 

c. Check arm cables for proper 
connections. Ensure J145 
is installed and properly 
j umpered. 

message). c. AC power source 
circuit breaker 
tripped. 

c. Unplug terminal power line. 
Check CB2 circuit breaker 
on rear panel of trans¬ 
former chamber. 

d. Defective con¬ 
troller POWER 
ON switch or AC 
power cord. 

c. Unplug controller power 
line. Check continuity in 
POWER ON switch. Replace 
switch if no continuity de¬ 
tected. Check for conti¬ 
nuity in AC power cord; 
replace if no continuity 
detected. 

e. Defective 115/ 
24V power 
supply. 

d-. Check for presence of 24V 
at 115/24V power supply. 
Replace faulty power supply 
(power supply has a relay 
controlling 110 VAC to 
logic power). 

VDT does not 
power up 
(no cursor; 
on-off indi- 

a. Terminal power 
cord disconnect¬ 
ed . 

a. Check terminal power cord. 
Reconnect if necessary. 

cator does not 
light. 

b. Terminal circuit 
breaker tripped. 

b. Unplug terminal power line. 
Remove top cover; reset 
circuit breaker at rear of 
chassis. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

VDT does not c. Circuit breaker c. Check CB2 circuit breaker 
power up tripped. on rear panel of trans- 
(no cursor? former chamber. 
on-off indi- 
cator does not d. Defective ter- d. Unplug terminal power line. 
light. (Cont) minal Power On Check for continuity across 

switch. 1 Power On switch. Replace 
| switch if no continuity 

detected. 

e. Defective e. Replace with operable 
terminal. terminal. 

No a. Loose terminal a. Check terminal connections 
1 initialization connections. at back of terminal and at 

message (con- back of controller for 
troller powers tightness. Tighten as 
up; VDT necessary. 
powers up). 

b. Operator error. b. Begin startup sequence 
again. Terminal must be on 
with a visible cursor be¬ 
fore turning controller 
power on. 

c. Board(s) not c. Check boards in card cage 
securely seated. for proper seating. 

d. Blown fuse in d. Check connector P138 for 
low voltage 
power supply. 

following voltage levels: 

Wire 160 = +24 VDC 
Wire 37 = +12 VDC 
Wire 50 = 0 VDC 
Wire 38 = -12 VDC 
Wire 41 = +5 VDC 

Note 

No voltage readings indi¬ 
cate blown power supply 
fuse. Loss of single volt¬ 
age indicates blown fuse 
for that voltage. Replace 
fuse (paragraph 5-5-2-1). 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE j 

No 
initialization 
message (con- 

e. Defective 
LSI 11-73 micro¬ 
processor board. 

e. Replace defective board. 

troller powers 
up; VDT 
powers up). 

f. Defective "A" 
interface board. 

f. Replace defective board. 

(Cont) 
g. Defective quad 

serial board. 
g. Replace defective board, 

(board located at J34). 

h. Defective CMOS 
memory board. 

h. Replace defective board 
(board at slot J32). 

i. Loose capacitor 
in low voltage 
power supply 

i. Inspect capacitor; resolder 
if loose. Replace low 
voltage power supply if 
necesssary. 

Garbled a. Loose terminal a. Check terminal connections 
initialization 
message (VDT 
powers up, 
controller 

connections. at back of terminal and 
at back of controller for 
tightness. Tighten as 
necessary. 

powers up). 
b. Board(s) not 

securely seated. 
b. Check boards in card cage 

for proper seating. 

c. Defective 
board(s). 

c. Replace boards in the fol¬ 
lowing sequence, checking 
if problem persists after 
each replacement. 

(1) Quad serial board 
(board at slot J34). 

(2) "A" interface board. 

(3) LSI-11/73 CPU board. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Garbled (4) "B" interface board. 
initialization 
message (VDT 
powers up, Note 
controller 
powers up). If garbled message 
(Cont) persists, call Unimation 

Field Service. 

ARM POWER does a. System not ini- a. Check that system is ini- 
not come on tialized. tialized. Initialize if 
(controller necessary. 
powers up). 

b. System in TEACH b. Place Mode Select switch 
mode. to PAUSE. 

c. Faulty CX (J145) c. Check arm cables for proper 
electrical connections. Ensure J145 
connections. is installed and properly 

jumpered. 

d. Controller in d. Switch to "LOCAL" mode or 
"remote" CX have external equipment 

activate appropriate arm 
power CX inputs. 

e. VAL in FATAL e. Input STATUS command at 
condition due VDT to determine VAL state. 
to hardware Check FAULT (F) LED on 
fault. control panel. Refer to 

Table 5-12, "Fault LED is 
Lit." 

f. Brake release f. Set brake release switch to 
switch not in 
NORMAL position. 

NORMAL. 

g. E-STOP circuit g. Check E-STOP buttons on 
open. controller front and teach 

pendant. Ensure that J145 
is properly jumpered if 
remote E-STOP is not used. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

ARM POWER does h. Defective "B" h. Replace defective "B" 

not come on 
(controller 

interface board. interface board. 

powers up). i. Defective "C" i. Check board seating; re- 
(Cont) interface board. place "C" interface board 

if defective. 

j. Defective CX 
module. 

j. Replace defective CX board. 

k. Defective arm 
cable. 

k. Remove arm cable. Check 
for continuity on all 
lines. Replace arm cable 
if continuity breaks are 
found. 

1. Boards installed 
improperly. 

1. Check board installation. 

m. Defective "A" 
interface board. 

n. Defective 
LSI-11/73 
processor board. 

m. Replace defective "A" in¬ 
terface board. 

n. Replace defective board. 

o. Defective CMOS 
board. 

o. Replace defective board. 

Note 

If arm power problem per¬ 
sists, call Unimation 
Field Service Department. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

VDT does not 
respond cor¬ 
rectly or 
system does 
not respond 

a. Operator error a. Ensure that VDT keyboard 
lockout switch is set to 
KEYBOARD ENABLE. Check 
error messages (refer to 
Table 5-11). 

correctly to 
VDT 
(controller 
powers up; 
VDT powers 

b. Terminal 
settings incor¬ 
rect. 

b. Refer Unimation Visual 
Display Terminal manual. 
Paragraph A.1.5 for VDT 
settings. 

up). 
c. Loose terminal 

connections. 
c. Check terminal connections 

at back of terminal and at 
back of controller for 
tightness. Tighten as 
necessary. 

d. Defective cable d. Check terminal cable wiring 
for continuity. If any 
wire lacks continuity, 
replace terminal cable. 

e. Quad serial 
board not seat¬ 
ed securely or 
not properly 
jumpered. 

e. Check seating of quad se¬ 
rial board (DLV-11J) 
(board at slot J34). 
Check jumpering (refer to 
drawing 7223C39 in Electri¬ 
cal drawing set 394W1). 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

VDT does not 
respond cor¬ 
rectly or 

f. LSI-11/73 CPU 
board faulty 

f. Check seating of LSI-11/73 
CPU board. 

system does 
not respond 
correctly to 
VDT 
(controller 
powers up; 
VDT powers 
up) . 

(Cont) 

g. Blown fuse in 
low voltage 
power supply. 

g. Check connector P138 for 
the following voltage 
levels: 

Wire 160 = +24 VDC 
Wire 37 = +12 VDC 
Wire 50 = 0 VDC 
Wire 38 = -12 VDC 
Wire 41 = +5 VDC 

Note 

No voltage readings indi¬ 
cate blown power supply 
fuse. Loss of single volt¬ 
age indicates blown fuse 
for that voltage. Replace 
fuse (paragraph 5-5-2-1). 

h. "A" interface 
board not seated 
securely. 

h. Check seating of "A" inter¬ 
face board. 

i. CMOS memory 
board not 
securely seated. 

i. Check seating of CMOS 
memory board. 

k. Defective I/O 
module. 

k. Disconnect all I/O modules 
and attempt to use VDT. 
If VDT communications are 
correct, shut down system 
and reconnect one I/O 
module. Continue this pro¬ 
cedure until original 
problem reappears. 
Replace defective I/O 
module. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

VDT does not 
respond cor¬ 
rectly or 

Note 

system does If terminal response 
not respond problem persists, call 
correctly to 
VDT 
(controller 
powers up; 
VDT powers 
up) . 

(Cont) 

Unimation Field Service. 

Messages are Incorrect clock Replace JOINT 1.0 software 
displayed setting upon on "B" interface board with 
very slowly startup or after JOINT 1.1 software. 
with excessive error recovery 
time between on VAL 2.X and 
characters. higher. 

Teach pendant a. Loose or faulty a. Inspect connection at 
does not dis- interconnection controller. Check for 
play message. between pendant damage to cable or 

and controller. connectors. 

b. Faulty teach 
pendant. 

b. Replace teach pendant. 

c. Faulty low c. Check connector P138 for 
voltage power the following voltage 
supply. levels: 

Wi re 160 = +24 VDC 
Wi re 37 = +12 VDC 
Wi re 50 = 0 VDC 
Wi re 38 = -12 VDC 
Wi re 41 = +5 VDC 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Teach pendant 
does not dis¬ 
play messaqe. 
(Cont) 

Note 

No voltage readings indi¬ 
cate blown power supply 
fuse. Loss of single volt¬ 
age indicates blown fuse 
for that voltage. Replace 
fuse (paragraph 5-5-2-1). 

d. Faulty quad 
serial interface 
board. 

d. Check seating; replace 
faulty quad serial board. 

Controller 
ARM POWER ON 
indicator 
does not light 
(ARM POWER 
enabled). 

Blown bulb. Replace bulb. 

Joint(s) move 
when ARM POWER 
applied. 

a. Board(s) not 
securely 
seated. 

a. Check all boards in card 
cage to ensure secure 
seating. 

b. Defective 
board(s). 

b. Replace boards in following 
sequence, checking if prob¬ 
lem persists after each 
replacement. 

(1) Digital servo board 
of affected joint(s). 

(2) Power amplifier board 
of affected joint(s). 

c. Defective am 
cable. 

c. Check am cable lines of 
affected joint for conti¬ 
nuity or shorts. Replace 
arm cable if necessary. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Joint(s) move d. Defective arm d. Check arm harness lines of 
when ARM POWER 
applied. 
(Cont) 

harness. affected joint for conti¬ 
nuity or shorts. Replace 
arm harness if necessary. 

e. Defective servo¬ 
motor 

e. Replace servomotor of 
affected joint. 

Joint(s) os- a. VAL not comp- a. Initialise system; ensure 
cillate when atible with VAL identification number 
ARM POWER 
applied. 

robot arm. matches. 

b. Electrical 
noise; arm 
harness not 
properly 
grounded (found 
more likely on 
major joints). 

b. Ensure that all grounding 
wires are securely attach¬ 
ed (Joint 1 motor base, 
upper arm, and forearm). 

c. Electrical 
noise; encoder 
lines. 

c. Inspect encoder lines; 
ensure lines are properly 
shielded. 

d. Faulty digital 
servo board. 

d. Check seating. Exchange 
boards to isolate fault. 
Replace faulty board. 

e. Faulty mechan¬ 
ical drive 
train. 

e. Inspect drive train for 
binding (refer to paragraph 
4-4-3). 

f. Servomotor 
brake not re¬ 
leased . 

f. Check for proper electri¬ 
cal connection. Ensure 
adequate release voltage 
is present at arm harness 
connector. No voltage in¬ 
dicates faulty intercon¬ 
nection or voltage supply. 
Presence of adequate 
voltage indicates faulty 
servomotor; replace servo 
motor. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM 

Joints become 
limp when ARM 
POWER is re¬ 
moved . 

Joint(s) do a. 
not move in 
TEACH mode; 
move in b. 
RUN mode. 

POSSIBLE CAUSES 

Defective servo¬ 
motor brake 
(most likely if 
only one joint 
affected). 

Defective teach a. 
pendant 

Defective b. 
console con¬ 
nector for 
teach pendant. 

SERVICE PROCEDURE 

Replace affected servomotor 
or defective connection. 

Replace defective teach 
pendant. 

Check teach pendant 
console connector for bent 
or broken pins, loose 
wiring, etc. 

c. Board(s) not 
securely 
seated. 

c. Check all boards in card 
cage to ensure secure 
seating. 

d. Defective 
board(s ) . 

d. Replace boards in the foll¬ 
owing sequence, checking 
if problem persists after 
each replacement: 

(1) Quad serial board 
(board at slot J34). 

(2) "A" interface board. 
(3) "B" interface board. 

e. Faulty low volt¬ 
age power 
supply. 

e. Check connector P138 for 
the following voltage 
levels : 

Wire 160 = +24 VDC 
Wire 37 = +12 VDC 
Wire 50 = 0 VDC 
Wire 38 = -12 VDC 
Wire 41 = +5 VDC 

Note 

No voltage readings indi¬ 
cate blown power supply 
fuse. Loss of single volt¬ 
age indicates blown fuse 
for that voltage. Replace 
fuse (paragraph 5-5-2-1). 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Joint(s) do a. Board(s) not a. Check all boards in card 
not move in securely caqe to ensure secure 
RUN and 
modes. 

TEACH seated. seating. 

b. Defective b. Replace boards in followinq 
board(s) . sequence, and check if 

problem persists after 
each replacement. 

(1) Digital servo board. 
(2) "A" interface board. 
(3) "B" interface board. 
(4) CMOS board. 
(5) LSI-11/73 board. 
(6) "C" interface board. 
(7) Arm cable board (call 

Unimation Field Service 
for assistance). 

c. Defective arm c. Check all arm cable lines 
cable . for continuity or shorts. 

Replace arm cable if nec¬ 
essary . 

d. Defective arm d. Check all arm harness lines 
harness. for continuity or shorts. 

Replace arm harness if 
necessary. 

e. Defective servo- e. Replace motor of affected 
motor. joint. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Joint(s) not a. Wrong overlay a. Use correct OVERLAY file. 
aligning pro- being used. 
perly at 
position 

READY Note 

1. Ensure POTCAL is per¬ 
formed with system config¬ 
ured as it is normally run. 

2. POTCAL should not be 
performed with a device 
such as an extender board 
on the "A" or "B" inter¬ 
face boards, or on arm 
signal board, as this will 
affect voltage and ground 
sensing. 

b. Faulty electri- b. Check encoder/potentiometer 
cal connection wires for continuity. Check 
or electrical for proper grounding at 
noise. arm and controller back¬ 

plane . 

c. Defective c. Replace encoder/potenti- 
encoder/potenti- ometer on affected joint. 
ometer. Perform POTCAL. Create and 

use an OVERLAY file. 

d. Defective A to D d. Replace "A" interface 
converter on "A" board. Perform POTCAL; 
interface board. create and use an overlay 

file. 

e. Loose mechan- e. Check for loose drive shaft 
ical drive com- couplings, slipped gears. 
ponents. etc. If looseness is 

found, tighten mechanical 
components, and perform 
POTCAL; create and use new 
OVERLAY file. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Joint(s) move a. Faulty mechan- a. Inspect drive train for 
in a jerking ical drive binding (refer to paragraph 
motion in 
TEACH and/or 

train. 4-4-3). 

RUN modes. b. Brakes not 
properly re¬ 
leased . 

b. Using BRAKE RELEASE SELECT, 
check for presence of 24vdc 
on pins 3 and 4 on servo¬ 
motor power connector. 

c. Faulty high 
power function 
board. 

c. Inspect fuse on high power 
function board; replace if 
blown. If fuse blows a 
second time, replace board. 
Check board seating; re¬ 
place board if faulty. 

d. Faulty 
electrical 
interconnection. 

d. Inspect interfaces. Check 
cables for continuity; re¬ 
place if faulty. If arm 
harness faulty, call 
Unimation Field Service. 

e. Faulty power 
amplifier. 

e. If problem is in a minor 
joint, replace faulty 
power amplifer for that 
joint. If problem is in 
a major joint, replace 
major joint power amplifier 
assembly. 

f. Faulty encoder/ 
potentiometer. 

f. Replace faulty encoder/ 
potentiometer. Perform 
POTCAL. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Joint(s) move g. Defective h. Replace boards in following 
in a jerking 
motion in 
TEACH and/or 
RUN modes. 
(Cont) 

board(s). sequence, and check if 
problem persists after 
each replacement. 

(1) Digital servo board. 
(2) "B" interface board. 
(3) "A” interface board. 
(4) LSI-11/73 CPU board. 
(5) "C" interface board. 

Arm moves to 
misplaced 
locations. 

a. Arm not cali¬ 
brated . 

a. Calibrate arm. 

b. Wrong overlay 
being used. 

b. Use correct OVERLAY file. 

c. Faulty calibra¬ 
tion . 

c. Perform POTCAL. Create 
and use an OVERLAY file. 

d. Defective en- 
der/potentio- 
meter. 

d. Replace encoder/potenti¬ 
ometer on indicated joint. 
Perform POTCAL. Create and 
use OVERLAY file. 

Joint runaway; a. Faulty position a. Inspect interfaces. Check 
loss of feed- (encoder) signal cables for continuity; re- 
back. transfer. place if faulty. If arm 

harness faulty, call 
Unimation Field Service. 

b. Faulty encoder/ 
potentiometer. 

b. Isolate encoder/potenti¬ 
ometer by exchanging har¬ 
ness connections. Replace 
servomotor if faulty. 

c. Faulty digital 
servo board. 

c. Check seating. Exchange 
boards to isolate fault. 
Replace faulty board. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM 

Major joint 
drop. 

a 

POSSIBLE CAUSES 

Defective major 
joint power 
amplifier 
assembly. 

a. 

SERVICE PROCEDURE 

Replace power amplifier 
assembly. 

b. Faulty 
electrical 
interconnection 

b. Inspect interfaces. Check 
cables for continuity; re¬ 
place if faulty. If arm 
harness faulty, call 
Unimation Field Service. 
Check LEDs D3 and D4 on 
major joint power amp¬ 
lifier; loss of one light 
indicates faulty motor 
wiring. Refer to Table 
5-16. 

Minor 
drop. 

c. 

joint a. 

Faulty digital 
servo board. 

c. 

Faulty power 
amplifier. 

a. 

Check seating. Exchange 
boards to isolate fault. 
Replace faulty board. 

Replace power amplifier. 

b. Faulty 
electrical 
interconnection^ 

b. Inspect interfaces. Check 
cables for continuity; re¬ 
place if faulty. If arm 
harness faulty, call 
Unimation Field Service. 

c. Faulty digital 
servo board. 

c. Check seating. Exchange 
boards to isolate fault. 
Replace faulty board. 
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Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Arm does not 
respond cor¬ 
rectly to 

a. Faulty teach 
pendant or VDT. 

a. Replace teach pendant or 
VDT with known good one. 

commands from 
VDT or teach 
pendant. 

b. Faulty 
electrical 
interconnection 
between peri¬ 
pheral and 
controller. 

b. Inspect interconnection 
interfaces. Check inter¬ 
connect cables for 
continuity: replace if 
faulty. 

c. Internal con¬ 
troller fault 

c. Check controller components 
as follows: 

(1) Ensure low-power supply 
is operable. Ensure 
low-voltage present at 
appropriate peripheral 
port. 

(2) Check seating of quad 
serial board; replace 
faulty board 

d. Faulty servo¬ 
motor or joint 
drive train. 

d. Exchange harness connec¬ 
tions to isolate fault. 
Replace servomotor if 
faulty. Inspect drive 
train. 

e. Faulty 
electrical 
interconnection. 

e. Inspect interfaces. Check 
the following cables and 
harnesses for continuity: 

(1) High-power interconnect 
cable. 

(2) Low-power interconnect 
cable. 

(3) Arm harness. 

If arm harness is faulty, 
contact Unimation Field 
service. If other cables 
are faulty, replace. 

5-39 



Table 5-10. Power-Up and Run Sequence 
Troubleshooting Procedures (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Gripper fails 
to operate. 

a. No air pressure. a. Check shop air source, 
open supply valves, etc. 

b. Missing (or low) 
24 VDC. 

b. Check for presence of 24 
VDC at disconnected arm 
end of arm cable. If 24 
VDC is present, reconnect 
cable to arm and check 
for presence of 24 VDC 
at solenoid connecting 
wires. 

c. Defective sol¬ 
enoid . 

c. Replace solenoid. 

d. Defective high 
power function 
board. 

d. Replace defective board. 

e. Defective "C" 
interface board. 

e. Replace defective board. 
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Table 5-11. VDT Diagnostic Error Messages 

Observe all warnings given in paragraph 5-1. 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*ARM power 
off* 

a. ARM POWER is not 
turned on. 

a. Turn on ARM POWER and 
reenter last command. 

b. System malfunc¬ 
tion . 

b. See Symptom in Table 5-10 
(ARM POWER does not come 
on) . 

*Bad pot* 
Jt n 

Indicates pot 
"reading" not 

a. Faulty wiring in 
arm signal 
interconnect. 

a. Inspect cabling from arm 
signal board to potentiom¬ 
eter at indicated joint. 
Replace if faulty. 

changed during 
"ca1ibrate" 
motion. 

b. Faulty encoder/ 
potentiometer. 

b. Ensure potentiometer cap 
is not loose or removed. 
Replace faulty encoder/ 
potentiometer. 

c. Faulty PC 
board(s) 

c. Check seating. Replace 
boards in the following J 
sequence. Recheck problem 
after each step: 

(1) "C" interface board. 
(2) "A" interface board. 
(3) Arm signal board. 

Replace faulty board. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Brake release a. Switch is in a a. Move switch back to NORMAL. 
enabled* joint position. 

Indicates b. Faulty selector b. Replace faulty switch 
BRAKE RELEASE 
SELECT & 
ENABLE switch 

switch. assembly. 

enabled or c. Faulty PC c. Check seating. Replace 
Circuit is board(s). boards in the following 
faulty. sequence; recheck problem 

after each step: 

(1) "C" interface board. 
(2) "A" interface board. 

Replace faulty board. 

*Broken a. All LEDs on a. Check continuity of all 
encoder wire* arm signal signal interconnect cable 

interface board connections. Check 5 VDC 
One of five on control regulator on arm intercon- 
wires to an backplane are nect board at robot base 
encoder are lit. (regulator converts 12 VDC 
broken or 
disconnected. 

to 5 VDC for encoders). 

b. Single joint b. Check continuity of wiring 
LED is lit. from arm signal board to 

indicated joint. 

c. Faulty encoder/ c. Replace faulty encoder/ 
potentiometer'. potentiometer. 

d. Arm signal board d. Replace faulty arm signal 
defective. board. 

*Calibration Arm too close to Reposition arm using teach 
will move out end of range. pendant in JOINT mode, and 
of range* 
Jt n 

Arm lacks 
suf ficient 
range for 
calibration. 

repeat CALIBRATE command. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Checksum a. Diskette in use a. Retry using known good 
Error* is defective. diskette. 

Transmission 
error between b. Defective or b. Check connection of floppy 

floppy disk loose floppy drive. If connection good. 

and control¬ 
ler. 

drive connector. check continuity of cable. 
Replace cable if necessary. 

c. Board(s) not 
securely seated. 

c. Check boards in card cage 
for proper seating. 

d. Defective 
board(s). 

d. Check seating. Replace 
boards in the following 
sequence; recheck problem 
after each step: 

(1) Quad serial interface 
{DLV11-J board at slot 
J34) . 

(2) LSI-11/73 CPU board. 
(3) "B" interface board. 
(4) CMOS board. 

Replace faulty board. 

e. Electrical 
noise affecting 
serial data 
transmission. 

e. Check wiring, especially 
grounds at controller and 
VDT. 

*Clock 
overrun* 

a. Defective "B" 
interface board. 

a. Replace defective board. 

VAL runs out 
of time when 
trying to 

b. Defective 
LSI-11/73 CPU 
board. 

b. Replace defective board. 

compute next 
set of posi- c. LSI-11/73 CPU c. Ensure all covers correctly 
tion commands. board affected 

by electrical, 
noise. 

installed. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*CPU error* 
Trap to <nl> 
from kernel: 
<n2> (log, 
phy)<n3>, 
<n4> 

*CPU error* 
Trap to <nl> 
from user: 
<n2> (log, 
phy) <n3>, 
<n4 > 

Computer error 
due to bad 
read from mem¬ 
ory or noise 
on data bus. 

a. Bad read from 
memory. 

b. Electrical 
noise on lines. 

c. Defective 
board(s). 

a. Restart VAL II by typing 
" 1100G". 

CAUTION 

Responding with a Y 
will wipe out memory. 

b. Isolate all high power or 
high freguency lines as far 
from robot as practical. 
In some rare instances such 
lines may require addi¬ 
tional shielding. 

c. Check seating. Replace 
boards in the following 
sequence; recheck problem 
after each step: 

(1) LSI-11/73 CPU board. 
(2) CMOS memory board. 

Replace faulty board. 

*Data check 
error* 

Transmission error 
detected while 
transferring in¬ 
formation to and 
from external 
device. 

Attempt transfer again. 
Check wiring for proper 
grounds; add shielding. 

*Device not 
ready* 

Requested file 
storage not pre¬ 
pared to communi¬ 
cate with VAL II. 

On Unimation floppy disk 
drive, make sure drive is 
plugged in, diskette is 
inserted correctly, and door j 
is closed. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM 

*Envelope 

error* 

Jt <n> 

a. 

The actual 

position of a 

joint is be¬ 

yond the VAL 

commanded 

position en¬ 

velope . 

POSSIBLE CAUSES SERVICE PROCEDURE 

Minor joint de¬ 
generacy occurs 
when Joint 5 is 
near 0 degrees, 
therefore align¬ 
ing axes of 
Joints 4 and 6. 
Error occurs as 
VAL attempts to 
repos it ion 
Joints 4 and 6 
simultaneously 
for tool orien- 
tation. 

a. Reprogram arm; include off' 
set in Joint 5. 

Excessive 
payload or 
speed 

b. Ensure that payload is 
within specified limits. 
Ensure that SPEED setting 
is within limits for pay- 
load. Reduce payload weight 
or redistribute payload 
mass so that distance be¬ 
tween affected joint and 
payload is reduced. Refer 
to Table 1-8 for maximum 
payload specifications. 

WARNING 

Before proceeding to step 
c, ensure that arm is 
properly supported prior 
to releasing joint brakes 
in FREE mode. Failure to 
mechanically support the 
arm will result in arm 
collapsing. 

c. Mechanical drag 
or binding. 

CAUTION 

When testing for motor 
drag using BRAKE RELEASE, 
dynamic braking circuit 
will create an electri¬ 
cal "dragging" effect. 
(Refer to paragraph 4-4-3.) 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

♦Envelope Place affected joint in 
error* FREE mode; ensure that 
Jt <n> brake is not dragging and 
(Cont) there is no binding of 

gears or bearings. Refer to 
Chapter 4 for inspection 
procedures for indicated 
joint . Replace servomotor. 

d. Joint stalled. d. Free joint of restraint. 

WARNING 1 

Bef or e proceeding to step 
e, ensure that arm is 
properly supported prior 
to releasing joint brakes 
in FREE mode. Failure to 
mechanically support the 
arm will result in arm 
collapsing. 

e. Major joint drop e. Inspect two green LEDs on 
due to lack of power amplifier base driver 
power after , board (refer paragraph 
brake released. 5-3-3- -4). If only one LED 

is lit, fault is in motor 
wiring. Check for contin¬ 
uity in the following: 

(1) High-power interconnect 
assembly. 

(2) Arm harness (call i 
Unimation Field Service 
for assistance). 

If both LEDs are not lit, 
loss of motor voltage is 
indicated. Replace power 
amplifier assembly. 

5-46 



Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Envelope f. Major joint f. Check electrical connec- 
error* runaway. tions of affected joint. 
Jt <n> Check cables for contin- 
(Cont) uity, replace if faulty. 

Replace components in the 
following sequence; recheck 
problem after each step; 

(1) Encoder/potentiometer. 
Exchange boards to 
isolate fault. 

(2) Digital servo board. 
Exchange boards to 
isolate fault. 

(3) Servomotor. 
(4) Low power interconnect 

cable. 
(5) Arm harness (call 

Unimation Field Service 
for assistance). 

(6) Power amplifier. 
(7) Arm cable board (call 

Unimation Field Service 
for assistance). 

Replace faulty component. 

g. Minor joint g. Check electrical connec- 
runaway. tions of affected joint. 

Check cables for contin- 
uity; replace if faulty. 
Replace components in the 
following sequence; recheck 
problem after each step: 

(1) Encoder/potentiometer. 
Exchange boards to 
isolate fault. 

(2) Digital servo board. 
Exchange boards to 
isolate fault. 

(3) Servomotor. 
(4) Low power interconnect 

cable. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Envelope (5) Arm harness (call 
error* Unimation Field Service 
Jt <n> for assistance). i 
(Cont) (6) Power amplifier. 

(7) Arm cable board (call 
Unimation Field Service 
for assistance). 

Replace faulty component. 

*ESTOP error* Circuit is open. Check for continuity in 
circuit. Inspect ESTOP 

ESTOP circuit switches on controller and 
activated or teach pendant. Ensure teach 
defective. pendant is connected and CX 

port is jumpered. 

[FATAL] Note 

When [FATAL] appears on screen, it indicates 
that a sufficiently serious problem has 
developed to cause the operating system to 
shut down. For possible symptom look up 
message, alphabetically, following word 
[FATAL]. 

*Function a. Robot is blocked a. Turn on ARM POWER and try 
timeout* and cannot reach motion again. 
Jt <n> its destination. 

Indicated b. Arm has run into b. Change program steps or 
joint took too a hardware stop. locations as necessary to 
long to com¬ 
plete last 

avoid hardware stops. 

motion. c. Joint stalled, c. Inspect operating envelope 
arm unable to for physical barriers. 
move to program- Inspect drive train for 
med location. mechanical problems. 

Inspect servomotor brake 
systems. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Function d. Faulty electric- d. Check seating of ribbon 

timeout* al interconnec- cable interconnecting "A" 

(Cont) t ion. interface board and "B" 
interface board. 
Replace ribbon cable if 
faulty. 

e. Defective 
board(s). 

e. Check seating. Replace 
boards in the following 
sequence; recheck problem 
after each step: 

(1) Digital servo board. 
Exchange boards to 
isolate fault. 

(2) "B" interface board. 
(3) "A" interface board. 

Replace faulty board. 

*Hardware a. Major joint a. Turn off system. Allow time 
defect* power amplifier 

fault. 
to cool; then reinitialize. 

Fault occurred b. Minor joint b. Determine faulty amplifier; 
in a power 1 power amplifier then inspect LEDs to find 
amplifier, or 
cabinet over¬ 
temperature 

i fault. cause of fault. Replace 
amplifier if faulty. 

tripped. c. Overtemperature 
switch on "C" 
interface board 
tripped at 60°C. 

c. Check LED at "C" interface 
board. Turn off power; al¬ 
low cabinet to cool. Check 
for abnormal heat gen¬ 
eration . 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Hardware not 
in system* 

Hardware is 
not installed 
in system, or 
hardware mal¬ 
functioning . 

Defective or 
missing hard¬ 
ware. 

Proceed as follows: 

(1) Save necessary programs 
and data. 

(2) Turn off system. 
(3) Install or repair hard¬ 

ware module. 
(4) If necessary, modify 

programs so as not to 
attempt access to this 
hardware. 

*High 
acceleration 
envelope 

a. SPEED command 
too high 

a. Lower SPEED setting. 

error* 

Acceleration 
commanded by 
VAL in excess 

i of normal ; an 
envelope error 
results if 
executed. 

b. VAL II fault. b. Reload VAL II; reinitialize 
system. 

*Joint on limit a. Robot arm a. Determine affected joint. 
stop* rotated past 

software stop, 
Reposition joint using 
brake release and re- 

Limit switch triggering intialize system. 
circuit act¬ 
ivated on 
Joint 1, 2 or 

limit switch 
braking system. 

3, and system b. Faulty limit b. Inspect limit switch; re- 
shuts down. switch place if faulty. 

c. Faulty 
electrical 
interconnection. 

c. Inspect interfaces. Check 
cables for continuity; re- 1 
place if faulty. i 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Lost encoder a. Electrical a. Check shielding of encoder 
sync* noise causing signal wires. Shields 
Jt <n> 

Lost encoder 
synchroniza¬ 
tion occurs 

incorrect 
encoder counts. 

should only be connected to 
ground at arm signal board. 
Check arm and controller 
for solid ground connec- 
t ions. 

when there is b. Faulty electri- b. Inspect interfaces. Check 
an incorrect cal interconnec- cables for continuity; 
number of tion or poor Replace if faulty. If arm 
counts between 
the encoder 
index pulses 

ground. harness is faulty, call 
Unimation Field Service. 

(one index per c. Faulty encoder/ c. Exchange harness connec- 
motor revol¬ 
ution) or 
index is lost. 

potentiometer. tions to isolate fault. 
Replace encoder/potentiom¬ 
eter if faulty. 

d. Faulty digital 
servo board. 

d. Check seating. Exchange 
boards to isolate fault. 
Replace faulty board. 

e. Faulty arm cable 
assembly. 

e. Check cable connection; 
replace defective assembly 
(call Unimation Field 
Service for assistance). 

*Motor stalled* 
Jt <n> 

If servomotor 
is not moving, 
or moves too 
slowly, and 
joint process¬ 
or has com¬ 
manded full 
output for 3.2 
seconds, an 
error is gen¬ 
erated and arm 
power is shut 
off . 

Robot arm 
restrained from 
moving to pro¬ 
grammed position. 

Free arm from restraint. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*No zero index* a. Defective digi- a. Replace defective digital 
Jt <n> tal servo board. servo board of affected 

joint. 
System did not 
detect zero b. Faulty encoder/ b. Replace encoder/potentiom- 
index for potentiometer. eter of affected joint. 
Joint n during 
CALIBRATE com- c. Faulty c. Inspect interfaces. Check 
mand. electrical cables for continuity; re- 

interconnection. place if faulty. 

*Open failure* a. Remote computer a. Check that remote computer 
is not respond- is working properly. 

VAL II unable ing. 
to open a 
communication b. Hardware problem b. Check that communications j 
channel as re- in communica- hardware is working prop- 
quested. tions line. erly. Reenter command. 

*Out of range* a. Arm outside of a. Reposition arm. 
Jt <n> or 'adjacent to 

robot arm oper- 
System init- ating envelope. 
ilalization 
attempted b. Faulty encoder/ b. Exchange harness connec- 
when arm out potentiometer. tions to isolate servo- 
of range or motor. Replace encoder/ 
faulty pot- potentiometer if faulty. 
entiometer 
signals occur. c. Faulty electri- c. Check cables for contin- \ 

cal interconnec- uity; replace if faulty. 
tion in poten- If arm harness is faulty, 
tiometer Call Unimation Field Ser- 
signals. v ice. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Out of range* 
Jt <n> 
(Cont) 

d. Faulty PC 
board(s). 

d. Check seating. Replace 
boards in the following 
sequence; recheck problem 
after each step: 

(1) "B" interface board. 
(2) "A" interface board. 
(3) Digital servo board 

Exchange boards to 
isolate fault. 

(4) LSI-11/73 CPU board. 

*Servo dead* 
Jt <n> 

Joint control¬ 
ler for indi- 

! cated joint 
not responding 
to VAL com¬ 
mands . 

a. Faulty digital 
servo board. 

b. Faulty elec¬ 
trical connec¬ 
tion. 

a. Check seating. Exchange 
boards to isolate fault. 
Replace faulty board. 

b. Check seating of ribbon 
cable connecting "A" 
interface board and "B" 
interface board. Replace 
ribbon cable if faulty. 

c. Faulty PC 
board(s). 

c. Check seating. Replace 
boards in the following 
sequence; recheck problem 
after each step: 

(1) Digital servo board. 
(2) "B" interface board. 
(3) "A" interface board. 

*Servo RAM 
error* 
Jt <n> 

Faulty digital 
servo board. 

Check seating. Exchange 
boards to isolate fault. 
Replace faulty board. 

Joint process¬ 
or detects 
faulty memory 
during system 
startup. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Stopped due to 
servoing 
error* 

One or more servo 
errors. 

Troubleshoot first error 
described. 

Program exec¬ 
ution stopped 
due to one or 
more servo 
errors. 

*Storage area 
format error* 

Momentary 
hardware fail¬ 
ure may cor¬ 
rupt user data 
in RAM. User 
programs and 
locations 
currently in 
memory may no 
no longer be 
valid. 

Momentary hard¬ 
ware failure. 

Attempt to save as much 
data as possible onto 
floppy disk. Issue ZERO 
command or restart VAL II; 
respond with a "Y" to 
initialization query. 

*System clock 
dead* 

"B" interface 
board not seated 
properly or 
defective. 

Check "B" interface board. 
Replace board. 
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Table 5-11. VDT Diagnostic Error Messages (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

*Terminal a. Empty backplane a. Check board installation to 
interrupts slots between ensure proper board place- 
dead* LSI-11/73 CPU 

and serial I/O 
ment in card cage. 

System inter¬ 
rupt lines 
cannot be ac¬ 
cessed or VDT 
interrupts are 
faulty. 

modules. 

*Unknown FPS LSI-11/73 CPU Shut down system and reseat 
error* board defective. LSI-11/73 CPU in card caqe. 

Error reported If problem persists, replace 
in hardware 
CPU module by 
floating-point 
processor. 

LSI-11/73 CPU board. 
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Table 5-12. Troubleshooting by Front Panel LED Indicators 

warningJ 

Observe all warnings given in paragraph 5-1. 

SYMPTOM 

FAULT indica¬ 
tor lit. 

The FAULT LED 
is located in 
the CONTROL 
section of the 
controller 
display panel. 

POSSIBLE CAUSES 

a. Brake release 
switch faulty. 

a. 

SERVICE PROCEDURE 

Ensure switch is in NORMAL 
position; replace faulty 
switch assembly. Check 
board seating. Replace 
boards in the following 
sequence; recheck problem 
after each step; 

(1) "C" interface board. 

LED is marked 
Figure 3-1. 

(2) High-power function 
board. 

Replace faulty board. 

b. Run indicator 
fault on "C" 
interface board. 

b. Reinitialize VAL system. 
Check low-power supply 
voltages; lack of all 
voltage readings indicates 
blown power supply fuse. 
Loss of a single voltage 
indicates blown fuse, de¬ 
fective power supply, or 
bad connection. Check the 
following cables for con¬ 
tinuity; replace if faulty. 

(1) P88-P17 "C" to "A" 
interface connection. 

(2) P89-P28 "C" to "B" 
interface connection. 

(3) P79-P103 Backplane 
interconnection 

Check seating of the fol¬ 
lowing boards. Replace in 
the following sequence and 
recheck after each step; 

5-56 



Table 5-12. Troubleshooting by Front Panel LED Indicators (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

FAULT indica¬ 
tor lit. 
(Cont) 

(1) LSI-11/73 CPU board. 
(2) CMOS board. 
(3) DLV-11J quad serial 

interface board. 

Replace faulty board- 

c. Joint 1, 2, or 
3 limit switch 
activated. 

c. Inspect LED on "C" inter¬ 
face board. Determine 
affected joint. Reposition 
joint using brake release 
and reinitialize system. 
Inspect limit switch; re¬ 
place if faulty. Check 
interfaces and cables for 
continuity; replace if 
faulty. 

d. Major joint 
power amplifier 
fault. 

d. Inspect LEDs on major joint 
power amplifier (refer to 
Table 5-17). 

e. Minor joint 
power amplifier 
fault. 

e. Inspect LEDs on minor joint 
power amplifier (refer to 
Table 5-15). 

f. ESTOP contacts 
open. 

f. Refer to Symptom, "ESTOP 
indicator lit." 

g. OVERTEMP on "C" 
interface board 
activated. 

g. Refer to Table 5-13, Symp¬ 
tom "OVERTEMP indicator 
lit" . 

h. VAL ESTOP 
activated 

h. Reinitialize VAL system. 

i. Servo ESTOP 
activated. 

i. Check P79 to P103 cable for 
continuity. Replace digital 
servo boards in sequence 
with known good board. 
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Table 5-12. Troubleshooting by Front Panel LED Indicators (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

ESTOP LED 
indicator lit. 

ESTOP contacts 
open. 

Check for continuity in 
circuit. Inspect all ESTOP 
switches on controller and 
teach pendant. Ensure teach 
pendant is connected or port 
is jumpered. 

Table 5-13. Troubleshooting by "C" Interface LED Indicators 

WARNING 

Observe all warninqs given in paragraph 5-1. 

Note: Refer to paragraph 5-3-3-2 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

JOINT LIMIT 
SW. indicator 
li t. 

Activated when 
a major joint 
triggers its 

a. Robot arm has 
rotated past 
software stop; 
limit switch 
braking system 
triggered. 

a. Determine affected joint 
(check indicator scales). 
Use BRAKE RELEASE selector 
switch, reposition arm, and 
reinitialize system. 

limit switch. b. Faulty limit 
switch. 

b. Check limit switch for 
continuity; replace if 
faulty. 

c. Faulty electri¬ 
cal interconnec¬ 
tion or poor 
ground. 

c. Inspect interfaces. Check j 
cables for continuity; 
replace if faulty. If arm 
harness is faulty, call 
Unimation Field Service. 
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Table 5-13. Troubleshooting by "C" Interface LED Indicators (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

JOINT LIMIT 
SW. indicator 
lit. (Cont) 

d. "C" interface 
board faulty. 

d. Check seating; replace 
faulty board. 

OVER TEMP 
indicator lit. 

Indicator 
lights when 
controller 
temperature 
exceeds 60°C 
(140°F) . 

a. Overtemperature 
switch on "C" 
interface board 
tripped at 60°C. 

b. "C" interface 
board faulty. 

a. Check indicator at "C" in-, 
interface board. Turn off 
power; allow cabinet to 
cool. Check for abnormal 
heat generation. 

b. Check seating; replace 
faulty board. 
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Table 5-14. Troubleshooting by Arm Signal 
Interface Board LED Indicators 

WARNING | 

Observe all warnings given in paragraph 5-1. 

Note: Refer to paragraph 5-3-3-6. 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

Joint 1 (D5), 
Joint 2 (Dll), 
Joint 3 (D23), 
Joint 4 (D17), 

a. Broken encoder 
wire(s). 

a. Check continuity of all 
signal interconnect cable 
connections. 

Joint 5 (D29), 
or Joint 6 
(D35) ENCODER 
FAULT indica¬ 
tor lit. 

Broken encoder 

b. 5 VDC line is 
faulty. 

b. Check continuity of 5VDC 
wiring to indicated joint. 
Check 5 VDC regulator on 
arm interconnect board at 
robot base; replace if 
faulty. 

LED activates 
when power to 
encoder is 
interrupted. 

c. Loss of ground. c. Check continuity of wiring 
from arm signal board to 
indicated joint. 

or lines to 
encoder sig¬ 
nals are open. 

d. Faulty encoder/ 
potentiometer. 

d. Replace faulty encoder/ 
potentiometer. 

e. Arm signal board 
defective. 

e. Replace faulty arm signal 
board. 
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Table 5-15. Troubleshooting by Minor Joint Power 
Amplifier (Rack Mount) LED Indicators 

WARNING | 

Observe all warnings given in paragraph 5-1. 

Note: Refer to paragraph 5-3-3-5. 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

OVERCURRENT. a. Electrical a. Check cables and servomotor 
indicator 
(Dll) lit. 

system faulty. for short to ground. Re¬ 
place faulty cable or 
servomotor. 

b. Degeneracy 
in robot arm 
(degeneracy is 
a mechanical 
fault occurring 
when Joints 4 
and 6 line up 
during opera- 
t ion. 

b. Revise program to avoid 
degeneracy. 

c. Faulty power 
amplifier board. 

c. Replace faulty board. 

UNDER VOLTAGE a. Blown fuse on a. Replace fuse: if fuse 
indicator minor joint blows again, proceed to 
(D12) lit. 

Condition 

power amplifier 
board. 

step b. 

occurs when 
voltage drops 
below 36 
volts. 

b. Faulty power 
amplifier board. 

b. Replace faulty board. 

Both UNDER Power supply Check board seating. Check 
VOLTAGE (Dll) problem in for presence of 60 VDC and 
and OVERCUR- power card low voltage at backplane and 
RENT (D12) 
are lit 

backplane. low voltage at PI08. Replace 
cable P107-P108 if faulty. 
Replace backplane. 
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Table 5-16. Troubleshooting by Major Joint Power Amplifier 
(Base Driver) LED Indicators 

WARNING | 

Observe all warnings in paragraphs 5-1 and 
5-3-3-3. 

Note: Refer to Paragraph 5-3-3-4. 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

MOTOR CURRENT 
POSITIVE indi¬ 
cator (D3) or 
MOTOR CURRENT 
NEGATIVE indi¬ 
cator (D4) 
not lit. 

a. Faulty 
electrical 
connection 
internal to 
amplifier. 

a. Inspect wire connections 
into terminal strip on 
power amplifier assembly. 
Inspect cable connection 
into base driver. Inspect 
connection to inductor for 
indicated joint. 

b. Interconnect 
wiring open. 

b. Check interconnect cable 
for continuity; replace if 
faulty. 

MOTOR CURRENT 
POSITIVE indi¬ 
cator (D3) and 
MOTOR CURRENT 
NEGATIVE indi¬ 
cator (D4) 

a. Arm power off. a. Ensure that ARM POWER is 
turned on. Refer to Table 
5-10, "ARM POWER does not 
come on." 

not lit. 

In normal 
operation, 
both indica¬ 
tors are lit. 
If motor wire 

b. Faulty 
electrical 
connection from 
transformer. 

b. Check for presence of 85 
volts from transformer. 
Ensure transformer is 
properly tapped. Replace 
transformer if faulty. 

is open, indi¬ 
cator for op¬ 
posite current 
will not 
light. If both 
indicators are 
not lit, motor 
voltage is 
missing. 

c Blown fuse c. Replace fuse; if fuse j 
blows a second time, re¬ 
place major joint power 
amplifier assembly 
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Table 5-17. Troubleshootinq by Major Joint Power Amplifier 
(Motor Control) LED Indicators 

WARNING 

Observe all warnings in paragraphs 5-1 and 
5-3-3-3 . 

Note: Refer to Paragraph 5-3-3-3. 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

a. Faulty a Check wire connections at 
SYSTEM OK electrical terminal block. Inspect 
indicator (D5) interconnection. ribbon cable P84-P85. 
not lit. Replace if faulty. 

b. Faulty interface b Replace Power Amplifier 
board. Assembly. 

c. Motor control c. Replace Power Amplifier 
board faulty. Assembly. 

OVERCURRENT a. Motor control a. Replace Power Amplifier 
indicator (D6) board faulty. Assembly. 
is lit. 

b. Faulty mechan- b. Inspect drive train for 
ical drive bindinq (refer to paragraph 
train. 5-5-1). 

OVERSPEED Not used on PUMA Call Unimation Field Service 
indicator (D7) model 761 and if indicator is lit. 
is lit. 762. 
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Table 5-17. Troubleshooting by Major Joint Power Amplifier 
(Motor Control) LED Indicators (Cont) 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

CONTROL VOLT¬ 
AGE LOSS (D8) 

a. Voltage regula¬ 
tor faulty. 

a. Contact Unimation Field 
Service for assistance. 

b. Faulty latch. b. Replace Power Amplifier 
Assembly. 

c. Faulty 
electrical 
interconnection. 

c. Inspect wire connectors 
into terminal strip on 
power amplifier assembly. 
Inspect cable connections 
into motor control. Check 
transformer input and out¬ 
put voltages. Replace 
power amplifier assembly. 

d. Base driver 
board faulty. 

d. Replace Power Amplifier 
Assembly. 

OVERTEMPER¬ 
ATURE (D9 ) 

a. Excessive heat. a. Turn off controller; allow 
to cool. 

b. Base driver 
board faulty. 

b. Replace Power Amplifier 
Assembly. 

c. Cooling fins 
defective. 

c. Ensure that adequate 
space is allowed for air 
flow around fins. 

22VDC PRESENT 
(DIO) indica¬ 
tor not lit. 

a. 22 VDC supply 
is faulty. 

a. Check for presence of 
supply voltage at trans¬ 
former. If 22 VDC supply 
is faulty, contact 
Unimation Field Service. 

b. Base driver 
board faulty. 

b. Replace Power Amplifier 
Assembly. 
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Table 5-18. Troubleshooting by High Power Function 
Board LED Indicators 

WARNING 

Observe all warnings given in paragraph 5-1. 

SYMPTOM POSSIBLE CAUSES SERVICE PROCEDURE 

PS FAULT (D15) a. Brake release a. Replace blown fuse. 
indicator lit. fuse blown. 

b. High power b. Check board seating; re- 
function board 
faulty. 

place faulty board. 
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5-5. SERVICE PROCEDURES 

The following paragraphs provide procedures for qearset adjustment 
and removal/replacement procedures of major components and sub- 
assemblies to keep the PUMA in proper operating condition. Refer 
to Table 6-1 for Spare Parts List. 

5-5-1. GEARSET ADJUSTMENT. The general procedure for adjusting 
the gearsets of the robot arm drive train is to disassemble the 
drive train for a joint as much as required to isolate individual 
gearsets. Each individual gearset should be adjusted for minimum 
backlash (free play) and no cogging (binding). This adjustment is 
made by moving one gear of the pair into or out of mesh. The other 
gear is fixed in position either by its design or by a measurement 
made at the factory or in the procedure. 

In some cases, the drive train cannot be completely disassembled. 
When this occurs, the procedure is to adjust each gearset in se¬ 
quence, starting with the gearset farthest from the motor. 

The criterion for the adjustment is the user's "feel" of the amount 
of cogging as the gearset is rotated, or of the amount of backlash 
at the high point of the gearset runout. Many of the gears have 
a mark on the rim that indicates the high point of the runout for 
that gear. This aids in determining the point at which zero back¬ 
lash is to be expected, because the closest meshing point is when 
the marks for both gears are aligned. 

If the gearset is moved too far into mesh, a certain amount of 
cogging is felt as the gearset goes through the high point. The 
cogging may be felt throughout the rotation of the gearset if 
the adjustment is very far into mesh. If the gearset is moved too 
far out of mesh, backlash is felt throughout the rotation rather 
than at just the low point of the gearset runout. The isolation 
of each gear pair is to remove the influence of other gearsets in 
the drive train. Without isolating a gearset, it is often diffi¬ 
cult to determine which gearset in a drive train is causing cogging 
or excessive backlash. 

A spur gearset arrangement is shown in Figure 5-10. Each eccen¬ 
tric cartridge is supported by casting. Turning adjusting set¬ 
screws rotates eccentric cartridge in casting bore, changing gear 
mesh. Turning "IN" setscrew clockwise brings gears into mesh. 
Turning "OUT" setscrew clockwise brings gears out of mesh. 
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ADJUSTING 

Figure 5-10. Typical Gearset Adjustments 
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A typical backlash adjustment for an eccentric cartridge is as 
follows: 

Note 

1. Adjust backlash when gears mesh at high point. 

2. Do not use excessive torque on cartridge adjust¬ 

ment screws; the force of three fingers is suffi¬ 
cient . 

3. After performing any gearset adjustment, proce- 
dure(s), affected joint(s) must be POTCAL'd. 

a. Unlock eccentric cartridge by loosening center setscrew 
one turn counterclockwise. 

b. Loosen "OUT" setscrew 1/4 turn counterclockwise. 
c. Tighten "IN" setscrew 1/4 turn clockwise. 
d. Inspect gear mesh for backlash. Repeat adjustment if 

necessary. If cogging occurs, loosen "IN" setscrew and tighten 
"OUT" setscrew. 

e. Ensure that there is no gap between adjusting setscrews 
and cartridge. 

f. Lock cartridge by tightening locking setscrew. 

In bevel gearset arrangements (shown in Figure 5-10), there are 
axial and backlash adjustments. Axial adjustment is for the 
bevel gear. Backlash adjustment is for the spur gear on opposite 
side of cartridge. Before making any adjustments, the cartridge 
should be loosened by backing off on locking screw. Axial 
adjustment is made by turning eccentric adjusting screw to cal¬ 
culated measurement. Backlash adjustment is made by turning two 

adjusting setscrews in opposite directions. 

Backlash at JT1, JT2, or JT3 servomotor is adjusted by rotating 
servomotor on its eccentric mounting plate. JT4 servomotor is 
rotated about an offset dowel pin for backlash adjustment. JT5 
servomotor mates with an adjustable cartridge. No backlash 
adjustment required at JT6 servomotor. 

Note 

Paragraphs 5-5-1-1 through 5-5-1-6 give procedures 
for adjusting the gearsets of the robot arm drive 
train for all joints. In these procedures, "I" 
means "in" and "0" means "out." 
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5—5-1-1. Wrist - Joints 5 and 6. Refer to Figure 5-11. Four 

gearsets within the wrist may require adjustment. 

Note 

The following procedures must be performed 
in the sequence given (Joint 5 must be 
adjusted before Joint 6). 

5-5-1-1-1. Joint 5. 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Do not enter working area of robot arm unless 
arm power is off. 

a. Ensure that arm power is off. 
b. Remove wrist (refer to paragraph 5-5-3-9). 

c. Loosen three nylon-tipped setscrews in clamp ring to free 
JT5-G5/G6 adjusting ring. 

d. Adjust mesh between JT5-G5 and JT5-G6 by rotating JT5-G5/G6 
adjusting ring with a flat-blade screwdriver inserted sideway into 
the vertical slots. By turning adjusting ring, adjusting tube changes 
gear mesh. To move into mesh, turn adjusting ring clockwise; to move 
out of mesh, turn adjusting ring counterclockwise. Rotate Joint 5 
while feeling for presence of cogging or play at JT5-G4. 

e. Tighten three setscrews in side of clamp ring. 
f. Reassemble and reinstall wrist (paragraph 5-5-3-9). 

Adjust JT5-G3/G4 and JT4-G5/G6 gearsets as described in paragraphs 
5-5-1-2 and 5-5-1-3. 

5-5-1-1-2. Joint 6. 

[warning] 

1. Observe all warnings given in paragraph 5-1. 

2. Do not enter working area of robot arm unless 
arm power is off. 

Note 

1. For Joint 6, the user may choose to remove 
the wrist and return it to the factory for 
gearset adjustment. 

2. In Joint 6 drive train, JT6-G2 and JT6-G3 
are shimmed in position using special 
tools and procedures at the factory. The 
mating gears are to be adjusted for gear 
mesh. 5-69 



KEY [> JOINT 5 ASSEMBLIES 

Figure 5-11. Gearset Adjustment in Wrist - Joints 5 and 6 
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a. Ensure that arm power is off. 
b. Remove wrist (refer to paragraph 5-5-3-9). 
c. Remove four M4 countersink screws securing Joint 6 assembly 

cover plate. 
d. Remove Joint 6 assembly cover plate and seal. 
e. Loosen M4 socket head locking setscrew on JT6-Intermediate 

Cartridge 1. 
f. Adjust mesh between spur gears JT6-G6 and JT6-G5 by 

turning adjusting setscrews "0" and "I" to move spur gear JT6-G5 
into and out of mesh. Feel mesh with finger on JT6-G5 while 
turning JT6 input gear. 

g. To loosen JT6 Intermediate Cartridge 1 for axial movement, 
rotate two M4 socket head adjusting setscrews ("0" and "I") 1/16 
turn counterclockwise. 

h. Adjust mesh between bevel gears JT6-G4 and JT6-G3 by 
rotating Joint 6 adjusting ring on JT6-Intermediate Cartridge 1 in 
or out, depending on gear mesh (clockwise increases gear mesh; 
counterclockwise decreases gear mesh). Wavy washer at JT6-G4 will 
push cartridge back against adjusting ring. 

i. Turn Joint 6 input shaft and feel mesh with a finger on 
side of JT6-G5. Avoid overmesh as indicated by cogging, or under¬ 
mesh as indicated by backlash. 

j. Ensure that there is no gap between adjusting screw and 
cartridge. 

k. Tighten locking setscrew. 
l. Loosen M4 socket head clamp screw on JT6-G1 adjusting nut. 
m. Adjust mesh between JT6-G2 and JT6-G1 by rotating adjusting 

nut that moves adjusting tube, thus moving JT6-G1 in or out of 
mesh. To move into mesh, rotate adjusting nut clockwise; to move 
out of mesh, rotate adjusting nut counterclockwise and gently pull 
JT6-G1 shaft to move JT6-G1 back. Wavy washer at JT6-G1 pushes 
adjusting tube back against adjusting nut. Turn JT6-G1 shaft 
(without pushing or pulling along the axis) and feel for presence 
of cogging or backlash. 

n. Tighten socket head clamp screw on adjusting nut. 
o. Reassemble and reinstall wrist (paragraph 5-5-3-9). 

5-5-1-2. Forearm - Joint 5. Refer to Figure 5-12. Two gearsets 
located in forearm may require adjustment. The following procedure 
must be performed in the sequence given. 

^warningJ 

1. Observe all warnings given in paragraph 5-1. 

2. Do not enter working area of robot arm unless 
arm power is off. 

a. Ensure that arm power is off. 
b. Remove forearm side cover. 
c. Loosen both M4 socket head clamp screws on Joint 5 drive 

shaft coupling. Slide coupling up and remove key on shaft. 
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Figure 5-12. Gearset Adjustment in Forearm - Joints 4 and 5 
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d. Disconnect Joint 5 servomotor power and feedback cables. 
e. Loosen bolts securing servomotor and gearbox to forearm 

casting. 

Note 

1. Use ball-type hex wrench or socket hex 
driver and universal joint to facilitate 
removal of gearbox. 

2. It may be necessary to move connector plates 
and remove JT6 servomotor for clearance. 

f. Remove servomotor, gearbox, and drive shaft. 
g. Loosen M6 socket head locking setscrew on JT5-Intermediate 

Cartridge 2. 
h. Adjust mesh between JT5-G4 and JT5-G3 by rotating M6 

socket head adjusting screws "I" and "0" in 1/4 turn increments. 
Rotate Joint 5 at wrist and feel for presence of cogging or 
backlash at JT5-G3 shaft. 

i. Ensure that there is no gap between adjusting setscrews 
and cartridge. 

j. Tighten locking setscrew. 
k. With servomotor, gearbox, and drive shaft still removed 

from forearm, release servomotor brakes using brake release system 
(must reconnect servomotor power and brake connector to arm harness 
connector). 

l. Loosen M6 socket head locking setscrew on JT5-Intermediate 
Cartridge 1. 

m. Adjust mesh between JT5-G1 and JT5-G2 by rotating M6 
socket head adjusting setscrews "I" and "0" in 1/4 turn increments. 
Rotate Joint 5 and feel for presence of cogging or backlash at 
gearset. 

n. Tighten locking setscrew. 
o. Reenable servomotor brakes. 
p. Disconnect power cable from servomotor. 
q. Reinstall servomotor, gearbox, and drive shaft by perform¬ 

ing steps b through f in reverse order. 

5-5-1-3. Forearm - Joint 4. Refer to Figure 5-12. Three gearsets 
may require adjustment. The following procedure must be performed 
in the sequence given. _ 

I WARNING | 

1. Observe all warnings given in paragraph 5-1. 

2. Do not enter working area of robot arm unless 
arm power is off. 

a. Ensure that arm power is off. 
b. Remove forearm side cover. 
c. Loosen both M4 socket head clamp screws on Joint 4 drive 

shaft coupling. Slide coupling down and leave key on shaft. 

i 
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Disconnect Joint 4 servomotor power and feedback cables. 
Loosen bolts securing servomotor and gearbox to forearm 

d. 
e. 

casting. 

Note 

1. Use ball-type hex wrench or socket hex 
driver and universal joint to facilitate 
removal of gearbox. 

2. It may be necessary to remove JT6 servo¬ 
motor for clearance. 

f. Remove servomotor, gearbox, and drive shaft. 
g. Loosen M6 socket head locking setscrew on Joint 4-Interme¬ 

diate Cartridge 2. 
h. Adjust mesh between JT4-G6 and JT4-G5 by rotating M6 socket 

head adjusting setscrews "I" and "0" in 1/4 turn increments. 
Rotate Joint 4 at wrist and feel for presence of cogging or back¬ 
lash at JT4-G5 shaft. 

i. Ensure that there is no gap between adjusting setscrews 
and cartridge. 

j. Tighten locking setscrew. 
k. Remove servomotor from gearbox. 
l. Loosen M6 socket head locking setscrew on JT4-Intermediate 

Cartridge 1. 
m. Adjust mesh between JT4-G4 and JT4-G3 by rotating M6 

socket head adjusting setscrews "I" and "0" 1/4 turn increments. 
Rotate Joint 4 drive shaft and feel for presence of cogging or 
backlash at gearset. 

n. Ensure that there is no gap between adjusting setscrews 
and cartridge. 

o. Tighten locking setscrew. 
p. Reinstall servomotor in gearbox. 
q. Connect servomotor power and brake connector to arm harness 

connector. 

r. Release servomotor brakes using brake release system. 
s. Loosen each motor mounting bolt 1/2 turn counterclockwise. 
t. Adjust mesh between JT4-G2 and JT4-G1 by rotating servo¬ 

motor about offset pin. With brake released, feel mesh at output 
of gearbox by turning shaft. 

Note 

If backlash persists, there is not enough 
rotation of the servomotor about the offset 
pin to achieve a good mesh. Use a drill to 
enlarge mounting plate bolt holes on Joint 4 
servomotor. Enlarging these holes will pro¬ 
vide additional movement. Provide washers 
between the bolt heads and the mounting plate 
if this procedure is necessary. 

u. Tighten motor mounting bolts. 
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v. Reenable servomotor brakes. 
w. Disconnect power cable from servomotor. 
x. Reinstall servomotor, gearbox, and drive shaft by perform¬ 

ing steps b through f in reverse order. 

5-5-1-4. Upper Arm - Joint 3. Refer to Figures 5-13 and 5-14. 
Three gearsets located in upper arm may require adjustment. The 
following procedure must be performed in the sequence given. 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Do not enter work area of robot arm unless 
arm power is off. 

a. Ensure that arm power is off. 
b. Remove two upper arm side covers. 
c. Loosen M4 socket head clamp screws on Joint 3 drive shaft 

coupling. Slide coupling onto Joint 3 drive shaft. 
d. Remove Joint 3 bevel gear cover. 
e. Loosen two M6 locking setscrews, one for JT3-Intermediate 

Cartridge 2 and the other for JT3-Intermediate Cartridge 3. 
f. Adjust eccentric adjusting screw on JT3-Intermediate 

Cartridge 2 to maximum out of mesh condition. 
g. Adjust mesh between JT3-G5 and JT3-G6 output spur gear- 

set by rotating M6 socket head adjusting setscrews "I" and "0" in 
1/4 turn increments. Rotate forearm through its range and feel for 
presence of cogging or backlash at JT3-G4 bevel gear. 

h. Adjust JT3-G4 to correct axial distance relative to 
JT3-G3 as follows (refer to Figure 5-14): 

(1) Method A (Using Unimat ion Gauge Block, Part No. 
4915B80G02). 

(a) Record mounting distance (MD) etched on JT3-G4. 
(b) Use 8.00 mm for web thickness (WT) . 
(c) Place gauge block on pinion extension diameter. 
(d) Use 12.75 mm for gauge block dimension (GB). 
(e) Calculate gap between gauge block and gear (SD): 

SD = MD - WT - GB 

(f) Stack feeler gauges to exact gauge dimension (SD). 
(g) With feeler gauges resting on measurement surface 

of JT3-G4, move JT3-G4 axially toward pinion by rotating eccentric 
adjusting screw on JT3-Intermediate Cartridge 3 clockwise until 
gauges are flush with gauge block. Do not jam adjusting screw. 
If screw locks, it has bottomed out. Back it off at least one turn 
and readjust. 
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POWER AND FEEDBACK CABLES 
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Figure 5-13. Gearset Adjustment on Upper Arm - Joints 2 and 3 
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JT2/JT3-G4 AXIAL ADJUSTMENT 
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Figure 5-14. Adjustment of Bevel Gearset - Joints 2 and 3 
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(2) Method B (If Gauge Block, Part No. 4915B80G02, 
Is Not Used). 

(a) Record mounting distance (MD) etched on JT3-G4. 
(b) Use 8.00 mm for web thickness (WT) 
(c) Using micrometer, measure pinion extension 

diameter (PED) of JT3-G3. 
(d) Calculate gap between pinion extension diameter 

and gear (GD). 

GD = MD - WT - 1/2(PED) 

(e) Stack gauge blocks and/or feeler gauges to exact 
gauge dimension (GD). 

(f) With gauge blocks and feeler gauges resting on 
measurement surface of JT3-G4, move JT3-G4 gauge blocks axially 
toward pinion by rotating eccentric adjusting screw on JT3- 
Intermediate Cartridge 3 clockwise until gauges are flush with 
pinion extension diameter. Do not jam adjusting screw. If screw 
locks, it has bottomed out. Back it off at least one turn and 
readjust. 

i. Lock JT3-Intermediate Cartridge 3 in place by tightening 
locking setscrew and adjusting screws used for JT3-G5 and G6 
gearset adjustment (threefinger tightness). 

j. Adjust mesh between JT3-G4 and JT3-G3 by moving JT3-G3 
axially with eccentric adjusting screw on JT3-Intermediate Cart¬ 
ridge 2. Rotate forearm and feel for presence of cogging or 
backlash at JT3-G3 shaft. 

k. Tighten locking setscrew on JT3-Intermediate Cartridge 2. 

Note 

A smooth non-cogging mesh is usually achieved 
at this step. However, forearm motion is rougher 
when the drive shaft ahd motor are attached be¬ 
cause of applied torque and drag of drive shaft 
and servomotor. The metal contact of a bevel 
gear tooth face can shift as load is applied, 
increasing cogging. To correct cogging after 
assembling drive train, back off the mesh 
slightly (increase "0” and decrease "I") until 
smooth motion is obtained. 

l. Release servomotor brakes using brake release system 
m. Loosen each motor mounting bolt two turns counterclock¬ 

wise . 
n. Adjust mesh between JT3-G1 and JT3-G2 by rotating servo¬ 

motor and mounting plate that moves JT3-G1 in and out of mesh. 
Rotate forearm and feel for presence of cogging or backlash at 
Joint 3 drive shaft. 

o. Tighten motor mounting bolts. 
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p. Reenable servomotor brakes. 
q. Reposition JT3 coupling and tighten coupling clamp screws. 
r. Release servomotor brakes and check the entire gear train 

by rotating forearm. Feel for presence of cogging and backlash. 
s. Reinstall covers. 

5-5-1-5. Upper Arm - Joint 2. Refer to Figures 5-13 and 5-14. 
Three gearsets located in upper arm may require adjustment. The 
following procedures must be performed in the sequence given. 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Do not enter work area of robot arm unless 
arm power is off. 

a. Ensure that arm power is off. 
b. Remove two upper arm side covers. 
c. Disconnect power and feedback cables from Joint 2 servo¬ 

motor . 
d. Remove three servomotor mounting bolts. 
e. Remove servomotor with JT2-G1. 
f. Remove JT2 bevel gear cover. 
g. Loosen two M6 socket head locking setscrews, one for 

JT2-Intermediate Cartridge 1 and the other for JT2-Intermediate 
Cartridge 2. 

h. Adjust eccentric adjusting screw on JT2-Intermediate 
Cartridge 1 to maximum out of mesh condition. 

i. Adjust mesh between JT2-G5 and JT2-G6 output spur gear- 
set by rotating M6 socket head adjusting screws "I" and "0" in 
1/4 turn increments. Rotate upper arm through its range and feel 
for presence of cogging or backlash at JT2-G4 bevel gear. 

j. Adjust JT2-G4 to correct axial distance relative to 
JT2-G3 as follows (refer to Figure 5-14): 

(1) Method A (Using Unimation Gauge Block, Part No. 
4915B8QG01). 

(a) Record mounting distance (MD) etched on JT2-G4. 
(b) Use 8.00 mm for web thickness (WT). 
(c) Place gauge block on pinion extension diameter. 
(d) Use 16.00 mm for gauge block dimension (GB). 
(e) Calculate gap between gauge block and gear (SD): 

SD = MD - WT - GB 

(f) Stack feeler gauges to exact gauge dimension (SD). 
(g) With feeler gauges resting on measurement surface 

of JT2-G4, move JT2-G4 axially toward pinion by rotating eccentric 
adjusting screw on JT2-Intermediate Cartridge 2 clockwise until 
gauges are flush with gauge block. Do not jam adjusting screw. 
If screw locks, it has bottomed out. Back it off at least one turn 
and readjust. 
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(2) Method B (If Gauge Block, Part No. 4915B80G01, Is 
Not Used). 

diameter 

and gear 

(a) Record mounting distance (MD) etched on JT2-G4. 
(b) Use 8.00 mm for web thickness (WT) 
(c) Using micrometer, measure pinion extension 

(PED) of JT2-G3. 
(d) Calculate gap between pinion extension diameter 

(CD) . 

GD = MD - WT - 1/2(PED) 

(e) Stack gauge blocks and/or feeler gauges to exact 
gauge dimension (GD). 

(f) With gauge blocks and feeler gauges resting on 
measurement surface of JT2-G4, move JT2-G4 axially toward pinion by 
rotating eccentric adjusting screw on JT2 Intermediate Cartridge 2 
clockwise until gauges are flush with pinion extension diameter. 
Do not jam adjusting screw. If screw locks, it has bottomed out. 
Back it off at least one turn and readjust. 

k. Lock JT2-Intermediate Cartridge 2 in place by tightening 
locking setscrew. Ensure that there is no gap between adjusting 
setscrews and cartridge. 

l. Adjust mesh between JT2-G4 and JT2-G3 by moving JT2-G3 
axially with eccentric adjusting screw on JT2-Intermediate Cart¬ 
ridge 1. Rotate upper arm and feel for presence of cogging or 
backlash at JT2-G3 shaft. 

m. Tighten locking setscrew on JT2-Intermediate Cartridge 1. 
n. Reinstall JT2-G1 and servomotor by performing steps e 

through c in reverse order. Do not tighten servomotor mounting 
bolts. 

o. Release servomotor brakes using brake release system. 

WARNING 

When performing the following step, be very 
careful to avoid getting a finger caught in 
the JT2-G3/G4 gear mesh. Rotate upper arm 
very slowly. 

p. Adjust mesh between JT2-G1 and JT2-G2 by rotating servo¬ 
motor and mounting plate that moves JT2-G1 in and out of mesh. 
Rotate upper arm and feel for presence of cogging or backlash at 
JT2-G3 pinion extension diameter. 

q. Tighten motor mounting bolts. 
r. Reenable servomotor brakes. 
s. Reinstall covers. 
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5-5-1-6. Shoulder - Joint 1. Refer to Figure 5-15. Two 
gearsets may require adjustment. Follow procedure in the 
sequence given. 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Do not enter work area of robot arm unless 
arm power is off. 

a. 
b. 

shoulder 
c . 

tion for 
d . 
e. 
f . 

motor. 

Ensure that arm power is off. 
Remove screws securing Joint 1 servomotor cover to 
casting. 
Lift Joint 1 servomotor cover until power cable connec- 
arm power on light is accessible. 
Disconnect power cable. 
Remove cover. 
Disconnect power and feedback cables from Joint 1 servo- 

g. Remove motor mounting bolts. 
h. Remove servomotor and JT1-G1. 
i. Loosen M5 cone point locking setscrew on JTl-Intermediate 

Cartridge 1. 
j. Adjust mesh between JT1-G3 and JT1-G4 output spur gear- 

set by rotating M6 socket head adjusting setscrews "I" and "0” in 
1/4 turn increments. Rotate waist through its range and feel for 
presence of cogging or backlash at JT1-G2 spur gear mounting nut. 

k. Ensure that there is no gap between adjusting setscrews 
and cartridge. 

l. Tighten locking setscrew. 
m. Reinstall JT1-G1 and servomotor by performing steps f 

through h in reverse order. Do not tighten servomotor mounting 
bolts. 

n. Release servomotor brakes using brake release system. 
o. Adjust mesh between JT2-G1 and JT2-G2 by rotating servo¬ 

motor and mounting plate that moves JT2-G1 in and out of mesh. 
Rotate upper arm and feel for presence of cogging or backlash. 

p. Tighten motor mounting bolts. 
q. Reenable servomotor brakes. 
r. Reinstall cover by performing steps b through e in reverse 

order. 
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Figure 5-15. Gearset Adjustment - Joint 1 



5-5-2. CONTROLLER REMOVAL/REPLACEMENT PROCEDURES. The following 
paragraphs detail procedures for removing and replacing components 
in the PUMA controller. 

5-5-2-1. DC Low Power Supply Fuses. Refer to Figure 5-16. To 
replace DC low-power supply fuses (+5 VDC, -12 VDC, +12 VDC, 
+24 VDC, or incoming 115 VAC), proceed as follows: 

WARNING | 

Observe all warnings given in paragraph 5-1. 

a. Disconnect Main Power switch; open rear access door. 
b. Loosen retaining screws; lower power supply 
c. Remove cover screw. Push cover forward; then lift to 

free from clips. Remove cover. 

Note 

Use short or miniature Philips screw¬ 
driver when removing DC low-power supply 
screws. 

d. After replacing fuse, install cover in reverse order of 
removal. 

5-5-2-2. Major Joint Power Amplifier Assembly. Refer to Figure 
5-17. To replace major joint power amplifier assembly, proceed 
as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Disconnect Main Power switch; open rear access door. 
b. Remove ribbon cable from interface board. 
c. Disconnect 11 incoming wires from terminal strip on 

bottom of door as shown in the figure. 

CAUTION 

Exercise caution when removing door from 
hinges; door is heavy. 
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RETAINING SCREWS 

Figure 5-16. DC Low Voltage Power Supply Fuse Replacement 
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MAJOR JOINT POWER 

#140 #141 
violet white 

#142 
violet 

#143 
white 

#144 
violet 

#145 
white 

black black black #50 green/ 
blue yellow 

Figure 5-17. Major Joint Power Amplifier Assembly Replacement 
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d. Remove door from hinges by lifting vertically. 
e. Install new door/power amplifier assembly in reverse order 

of removal. 

f. Tug on wires at terminal strip to verify that wires are 
securely seated in terminal strip. 

5-5-3. ROBOT ARM REMOVAL/REPLACEMENT PROCEDURES. The following 
paragraphs provide procedures for removing/replacing major 
components of the PUMA robot arm. 

5-5-3-1. Solenoid Replacement. Refer to Figure 5-18. To remove 
solenoid, proceed as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Ensure arm power is off. 
b. Remove upper arm side cover. 
c. Remove air connections at solenoid. 
d. Disconnect solenoid power connector J8A 
e. Unscrew two M6 screws attaching solenoid to arm casting. 
f. Remove solenoid. 
e. Install solenoid in reverse order of removal. 

SOLENOID 

UPPER ARM 

Figure 5-18. Solenoid Replacement 
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5-5-3-2. Limit Switch Replacement. Three limit switches are used 
at the major joints in the robot arm. Replacement procedures 
for each joint switch are detailed in the following paragraphs. 

5-5-3-2-1. Joint 1 Limit Switch. Refer to Figure 5-19. To 
replace Joint 1 limit switch, proceed as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

Note 

Joint 1 limit switch wiring runs through base 
o f arm. 

a. Shut down PUMA system. 
b. Remove interconnecting cables. 
c. Remove harness base plate screws; then pull base plate 

away from base for clearance. 
d. Disconnect limit switch connector J174 
e. Tie 6-foot string to limit switch connector. 
f. Remove two screws holding limit switch plate to trunk. 
g. Remove switch from trunk. Pull wire and connector P174 

through hole; string should follow. 
h. Detach string from connector. 
i. Attach string to new limit switch connector. Pull 

connector and wire through trunk. 
j. Install switch in reverse order of removal. 

Note 

Ensure limit switch height (11.5 mm) is properly 
adjusted to contact cams. 

5-5-3-2-2. Joint 2 Limit Switch. Refer to Figure 5-19. To 
replace Joint 2 limit switch, proceed as follows: 

WARNING | 

Observe all warnings given in paragraph 5-1. 

a. Shut down PUMA system. 
b. Remove shoulder plate. 
c Disconnect limit switch connector J175. 
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Figure 5-19. Limit Switch Replacement 
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d. Tie 3-foot string to limit switch connector. 
e. Loosen and remove two screws holding limit switch plate 

to shoulder. 
f. Remove switch from shoulder. Pull wire and connector 

P175 through hole; string should follow. 
g. Detach string from connector. 
h. Attach string to new limit switch connector. Pull con¬ 

nector and wire through shoulder. 
i. Install switch in reverse order of removal. 

Note 

Ensure limit switch height (11.5 mm) is properly 
adjusted to contact cams. 

5-5-3-2-3. Joint 3 Limit Switch. Refer to Figure 5-19. To 
replace Joint 3 limit switch, proceed as follows; 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Shut down PUMA system. 
b. Remove upper arm side cover. 
c. Disconnect limit switch connector J176. 
d Loosen and remove two screws holding limit switch to 

upper arm casting. 
e. Remove limit switch. 
f. Install switch in reverse order of removal. 

Note 

Ensure limit switch height (13 mm) is properly 
adjusted to contact cams. 

5-5-3-3. Brake Release Switch Replacement. The brake release 
system incorporates two switches, one to select a joint or the 
wrist, and the second is a pushbutton to release the brake. 
Replacement procedures for these switches are detailed in the 
following paragraphs. 
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5-5-3-3-1. Brake Release Select/Enable Switch. Refer to Figure 
5-20. To replace the brake release select/enable switch, pro¬ 
ceed as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Shut down PUMA system. 
b. Loosen four screws holding switch plate to shoulder 

casting. 
c. Pull switch away from casting. 
d. Disconnect four connectors from switch. 
e. Install switch in reverse order of removal. 

5-5-3-3-2. Brake Release Pushbutton. Refer to Figure 5-20. To 
replace the brake release pushbutton, proceed as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Shut down PUMA system. 
b. Remove forearm side cover. 
c. Disconnect connector J177. 
d. Loosen and remove threaded locking nut. 
e. Remove switch. 
f. Install in reverse order of removal. 

5-5-3-4. Arm Interconnect Board. Refer to Figure 5-21. The 
arm interconnect board is located at the robot arm base, and 
contains connector JOB. To replace the arm interconnect board, 
proceed as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Shut down PUMA system. 
b. Disconnect arm power and signal cables. 
c. Remove four holding screws from baseplate. 
d. Disconnect six connectors from circuit board. 
e. Remove locking nut on connector JOB. 
f. Remove four mounting screws from circuit board. 
g. Remove circuit board. 
h. Install board in reverse order of removal. 
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SHOULDER CASTING 

CONNECTORS 

SELECT/ENABLE 

SWITCH 



Figure 5-21. Arm Interconnect Board Replacement 

5-5-3-5. Servomotor Encoder/Potentiometer. Refer to Figure 5-22. 
To replace servomotor encoder/potentiometer, proceed as follows: 

WARNING | 

1. Observe all warnings given in paragraph 5-1. 

2. Perform POTCAL after replacement of encoder/ 
potentiometer. 

a. Place arm in convenient position for reaching encoder/ 
potentiometer being replaced. 

b. Shut down PUMA system. 
c. Remove applicable cover. 
d. Detach encoder/potentiometer connector. 
e. Remove two screws holding encoder/potentiometer to 

servomotor. 
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Note 

1. When removing encoder/potentiometer unit, 
save plastic coupling for use with replace¬ 
ment . 

2. Ensure torque hub is set to correct dimension 
as shown in figure. 

f. Remove encoder/potentiometer. 
g. Place plastic coupling on new encoder/potentiometer. 

Align coupler with mating surface on servomotor. 
h. Install encoder/potentiometer in reverse order of removal. 
i. Perform POTCAL procedure (refer to Appendix A). 

Figure 5-22. Encoder/Potentiometer Replacement 
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5-5-3-6. Servomotor. The following paragraphs give procedures to 
remove/replace servomotors. 

Note 

It may be necessary to loosen servomotor gearset 
mesh to facilitate removal (refer to paragraph 
5-5-1). 

5-5-3-6-1. Joint 1. Refer to Figure 5-23. To replace Joint 1 
servomotor, proceed as follows: 

warning] 

Observe all warnings given in paragraph 5-1. 

a. 
b. 
c. 

for ARM 
d . 
e. 

motor. 
f . 

Q • 

h. 
i . 

j • 

Ensure that arm power is off. 
Remove screws securing Joint 1 servomotor cover. 
Lift Joint 1 servomotor cover until power cable connection 
POWER ON light is accessible. 
Disconnect power cable, then remove cover. 
Disconnect power and feedback cables from Joint 1 servo- 

Remove encoder/potentiometer. 
Remove servomotor mounting bolts and clips. 
Remove servomotor with JT1-G1. 
Install servomotor in reverse order of removal. 
Perform necessary adjustments (refer to paragraph 5-5-1-6) 
and POTCAL (refer to Appendix A). 

5-5-3-6-2. Joints 2 and 3. Refer to Figure 5-24. To replace 
Joint 2 or 3 servomotor, proceed as follows: 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Ensure arm is properly supported. Failure to 
support arm will result in arm collapsing. 

a. Ensure that arm power is off. 
b. Remove upper arm side cover. 
c. Disconnect power and feedback cables from servomotor 

being replaced. 
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FEEDBACK AMD 

POWER CABLES 

ENCODER/POTENTIOMETER 

JT 1 SERVOMOTOR 

(4) MOUNTING BOLTS 

LIGHT CABLE 

CONNECTOR PLATE 

LOCKING SETSCREW 

ADJUSTING SETSCREWS 

ASSEMBLY 

COVER PLATE 

CARTRIDGE (HIDDEN) 

Figure 5-23. Joint 1 Detail 
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CARTRIDGE 1 

LOCKING SETSCREW 

AND ECCENTRIC SCREW 

CARTRIDGE 2 

ADJUSTING AND 

LOCKING SETSCREWS 

BEVEL 
GEAR COVER 

SERVOMOTOR 

CARTRIDGE 1 

DRIVE SHAFT 

COUPLING 

CARTRIDGE 2 . 
LOCKING SETSCREWJ 

AND ECCENTRIC SCREW 

CARTRIDGE 3 

ADJUSTING AND 
LOCKING SETSCREWS 

BEVEL GEAR COVER 

Figure 5-24. Joints 2 and 3 Detail 
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Note 

Use of a socket hex driver with extender 
and universal joint is recommended for 
step d. 

d. Remove servomotor mounting bolts and clips. 
e. Remove servomotor with gear. 
f. Remove encoder/potentiometer. 
g. Install servomotor in reverse order of removal. 
h. Perform necessary gearset adjustments (refer to paragraph 

5-5-1-4 for Joint 3 or paragraph 5-5-1-5 for Joint 2) and POTCAL 
(refer to Appendix A). 

5-5-3-6-3. Joints 4 and 5. Refer to Figure 5-25. To replace 
Joint 4 or 5 servomotor, proceed as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Place forearm in vertical downward position. 
b. Ensure that arm power is off. 
c. Remove forearm side cover. 
d. Disconnect power and feedback cables from servomotor being 

replaced. 

Note 

Use of an extended hex-driver is recommended 
for step e. 

e. Remove bolts securing servomotor to gearbox. 
f. Remove servomotor from gearbox. 
g. Remove encoder/potentiometer. 
h. Install servomotor in reverse order of removal. 
i. Perform necessary gearset adjustments (refer to paragraph 

5-5-1-3 for Joint 4 and paragraph 5-5-1-2 for Joint 5) and POTCAL 
(refer to Appendix A). 

5-5-3-6-4. Joint 6. Refer to Figure 5-25. To replace Joint 6 
servomotor, proceed as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Place forearm in vertical downward position. 
b. Ensure that arm power is off. 
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Figure 5-25- Joints 4, 5, and 6 Detail 
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c. Remove forearm side cover. 
d. Disconnect power and feedback cables from Joint 6 

servomotor. 
e. Loosen coupling screw. 

Note 

1. Use of an extended ball-driver is recommended 
for step f. 

2. Only three bolts are used to mount servomotor, 
two in front and left rear bolt. 

f. Remove bolts securing servomotor. 
g. Remove servomotor. 
h. Remove encoder/potentiometer. 
i. Install servomotor in reverse order of removal. 
j. Perform necessary gearset adjustments (refer to paragraph 

5-5-5-1) and POTCAL (refer to Appendix A). 

5-5-3-7. Cartridges. The following paragraphs detail procedures 
to remove/replace cartridges. 

CAUTION 

When removing cartridge, make sure adjusting 
setscrews are removed; otherwise damage can 
result to cartridge and bore. 

Note 

After cartridge removal, check cartridge and 
bore for roughness and ridges. Remove irregu¬ 
larities with file and emery cloth. Cartridge 
should move freely within bore. 

5-5-3-7-1. Joint 1-Intermediate Cartridge 1. Refer to Figure 
5-23. To replace JTl-Intermediate Cartridge 1, proceed as 
follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Ensure arm power is off. 
b. Remove Joint 1 servomotor (refer to paragraph 5-5-3-6-1). 
c. Remove screws holding connector plate to cover. 
d. Loosen four bolts securing cartridge housing cover. 
e. Turn housing cover about cables to clear cartridge. 

Temporarily secure cover with bolt in corner of housing. 
f. Remove adjusting setscrews. 
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g. Loosen locking setscrew three turns. 

Note 

Pull on bolt threaded into M6 tapped holes 
in gear to facilitate removing cartridge 
in step h. 

h. Remove cartridge. 
i. Install cartridge in reverse order of removal. 
j. Perform necessary gearset adjustments (refer to paragraph 

5-5-1-6) and POTCAL (refer to Appendix A). 

5-5-3-7-2. Joint 2-Intermediate Cartridge 1. Refer to Figure 
5-24. To replace JT2-Intermediate Cartridge 1, proceed as 
follows: 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Ensure upper arm is supported before removing 
cartridge. Failure to support arm will result 
in arm collapsing. 

a. Ensure arm power is off. 
b. Remove two upper arm side covers and JT2 bevel gear cover. 
c. Remove Joint 2 Servomotor (refer to paragraph 5— 5—3 — 6 — 2). 

Note 

It may be necessary to adjust eccentric cartridge 
on JT2-Intermediate Cartridge 2 to maximum out 
condition to loosen eccentric adjusting screw in 
step d. 

d. Loosen eccentric adjusting screw three turns. 
e. Loosen locking setscrew three turns. 
f. Slide cartridge out towards rear of arm. 
g. Install cartridge in reverse order of removal. 
h. Perform necessary gearset adjustments (refer to paragraph 

5-5-1-5) and POTCAL (refer to Appendix A). 
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5-5-3-7-3. Joint 2-Intermediate Cartridge 2. Refer to Figure 
5-24. To replace JT2-Intermediate Cartridge 2, proceed as 
follows: 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Ensure upper arm is supported before removing 
cartridge. Failure to support arm will result 
in arm collapsing. 

a. 

b. 
c. 
d. 
e. 

screws. 

Ensure arm power is off. 
Remove two upper arm side covers and JT2 bevel gear cover. 
Remove Joint 2 servomotor (refer paragraph 5-5-3-6-2). 
Remove JT2-Cartridge 1 (refer paragraph 5-5-3-7-2). 
Loosen locking screws three turns and remove adjusting 

Note 

Pull on bolts threaded into M6 tapped holes in gear 
to facilitate removal of cartridge in step f. 

f. Remove cartridge. 
g. Install cartridge in reverse order of removal. 
h. Perform necessary gearset adjustments (refer to paragraph 

5-5-1-5) and POTCAL (refer to Appendix A). 

5-5-3-7-4. Joint 3-Intermediate Cartridge 1. Refer to Figure 
5-24. To replace JT3-Intermediate Cartridge 1, proceed as 
follows: 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Ensure forearm is supported before removing 
cartridge. Failure to support arm will result 
in arm collapsing. 

a. Ensure arm power is off. 
b. Remove two upper arm side covers. 
c. Remove Joint 3 servomotor (refer to paragraph 5-5-3-6-2). 
d. Loosen eccentric adjusting screw and Locking setscrew. 
e. Loosen coupling setscrew. 
f. Slide cartridge out towards rear of arm (drive shaft 

is removed with cartridge). 
g. Install cartridge in reverse order of removal. 
h. Perform necessary gearset adjustments (refer to paragraph 

5-5-1-4) and POTCAL (refer to Appendix A). 
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5-5-3-7-S. Joint 3-Intermediate Cartridge 2. Refer to Figure 
5-24. To replace JT3-Intermediate Cartridge 2, proceed as 
follows: 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Ensure forearm is supported before removing 
cartridge. Failure to support arm will result 
in arm collapsing. 

a. Ensure arm power is off. 
b. Remove two upper arm side covers. 
c. Remove Joint 3 servomotor (refer to paragraph 5-5-3-6-2). 
d. Remove JT3 Cartridge 1 (refer paragraph 5-5-3-7-4). 
e. Loosen eccentric adjusting screw and locking setscrew. 
f. Slide cartridge out towards rear of arm. 
g. Install cartridge in reverse order of removal. 
h. Perform necessary gearset adjustments (refer to paragraph 

5-5-1-4) and POTCAL (refer to Appendix A). 

5-5-3-7-6. Joint 3-Intermediate Cartridge 3. Refer to Figure 
5-24. To replace JT3-Intermediate Cartridge 3, proceed as 
follows: 

WARNING 

1. Observe all warnings given in paragraph 5-1. 

2. Ensure forearm is supported before removing 
cartridge. Failure to support arm will result 
in arm collapsing. 

a. 
b. 
c. 
d. 
e . 
f . 

g • 

Ensure 
Remove 
Remove 
Remove 
Remove 
Remove 
Loosen 

arm power is off. 
two upper arm side covers. 
Joint 3 servomotor (refer to paragraph 5-5-3-6-2). 
JT3-Cartridge 1 (refer paragraph 5-5-3-7-4). 
JT3-Cartridge 2 (refer to paragraph 5-5-3-7-5). 
Joint 3 bevel gear cover, 
locking setscrew and adjusting setscrews. 

Note 

Pull on bolts threaded into M6 tapped holes in gear 
to facilitate removal of cartridge in step h. 

h. Remove cartridge. 
i. Install cartridge in reverse order of removal. (When 

installing JT3-Cartridge 2, ensure that eccentric adjusting screw 
fits properly into adjustment slot on cartridge.) 

j. Perform necessary gearset adjustments (refer to paragraph 
5-5-1-4) and POTCAL (refer to Appendix A). 
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5-5-3-7-7. Joint 4-Intermediate Cartridge 1. To replace JT4- 
Intermediate Cartridge 1, refer to Joint 4 Gearbox Replacement 
(paragraph 5-5-3-S). 

5-5-3-7-8. Joint 4-Intermediate Cartridge 2. Refer to Figure 
5-25. To replace JT4-Intermediate Cartridge 2, proceed as 
follows: 

[warning! 

Observe all warnings given in paragraph 5-1. 

a. Ensure arm power is off. 
b. Remove forearm side cover and inner cover. 
c. Remove wrist (refer paragraph 5—5— 3— 9). 
d. Loosen coupling screw. 
e. Loosen adjusting screws. 
f. Remove cartridge. 
g. Install cartridge in reverse order of removal. 
h. Perform necessary gearset adjustments (refer to paragraph 

5-5-1-3) and POTCAL (refer to Appendix A). 

5-5-3-7-9. Joint 5-Intermediate Cartridge 1. To replace JT5- 
Intermediate Cartridge 1, refer to Joint 5 Gearbox Replacement 
(paragraph 5-5-3-8). 

5-5-3-7-10. Joint 5-Intermediate Cartridge 2. Refer to Figure 
5-25. To replace JT5-Intermediate Cartridge 2, proceed as 
follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a . 
b. 
c. 
d. 
e. 

turns. 

Ensure 
Remove 
Remove 
Loosen 
Remove 

arm power is off. 
forearm side cover and inner cover, 
wrist (paragraph 5-5-3-9). 
coupling setscrew. 
adjusting screws and loosen locking screw three 

Note 

It may be necessary to remove JT6 servomotor 
for clearance. 

f. Remove cartridge. 
g. Install cartridge in reverse order of removal. 
h. Perform necessary gearset adjustments (refer to paragraphs 

5-5-1-2 and 5-5-1-3) and POTCAL (refer to Appendix A). 
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5-5-3-8. Joint 4 or Joint 5 Gearbox. 

Note 

1. The Joint 4 gearbox assembly consists of 
Cartridge 1, G2, G3 , G4, and a drive shaft. 
If any of these parts are defective, the 
gearbox assembly must be replaced. 

2. The Joint 5 gearbox assembly consists of 
Cartridge 1, G2, and a drive shaft. If 
any of these parts are defective, the 
gearbox assembly must be replaced. 

To replace Joint 4 or Joint 5 gearbox, proceed as follows: 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Ensure arm power is off. 
b. Remove forearm side cover. 
c. Loosen coupling setscrew. 
d. Disconnect power and feedback cables from servomotor. 

Note 

1. Use ball-type hex wrench or socket hex driver 
and universal joint to facilitate removal of 
gearbox in step e. 

2. It may be necessary to move connector plates 
and remove JT6 servomotor for clearance. 

e. Remove four gearbox mounting bolts. 
f. Remove gearbox with servomotor attached. 
h. Remove servomotor. 
i. Mount servomotor to new gearbox assembly. 
j. Perform gearset adjustment for Cartridge 1 (refer to 

paragraph 5-5-1-3 for Joint 4 and paragraph 5-5-1-2 for Joint 5). 
k. Install gearbox in reverse order of removal. 
l. Perform POTCAL (refer to Appendix A). 
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5-5-3-9. Wrist. Refer to Figure 5-26 
ceed as follows: 

To replace wrist, pro- 

WARNING 

Observe all warnings given in paragraph 5-1. 

a. Ensure that arm power is off. 
b. Remove the following: 

(1) Forearm side cover. 
(2) JT5-G3/JT4-G4 cover. 

CAUTION 

When performing step c, failure to remove 
key can result in damage to Joint 6 seal. 

c. Loosen two M4 socket-head clamp screws on Joint 6 drive 
shaft coupling. Slide coupling up; then remove key on Joint 6 
shaft. 

d. Remove four M8 socket-head cap screws securing wrist 
assembly to forearm casting. 

e. Slowly slide wrist out of forearm casting, taking care 
not to bend Joint 6 driveshaft as it comes out of bushing. In 
some cases, it may be necessary to lightly tap Joint 4 housing 
with a rubber mallet to start wrist moving. DO NOT USE EXCESSIVE 
FORCE. If tapping does not start wrist moving, perform steps 
e(l) and (2). When wrist has moved about 10 mm, it will become 
completely free. 

(1) Loosen M6 socket-head locking setscrews on 
JT5-Intermediate Cartridge 2 and JT4-Internediate Cartridge 2. 

(2) Loosen both "I" M6 socket-head adjusting setscrews 
three turns counterclockwise. Tighten both "0" M6 adjusting 
setscrews three turns clockwise. 

Note 

When replacing wrist, ensure that dowel pin 
on forearm casting is in the same orientation 
as when wrist was removed. 

f. Install wrist in same order as removal. Use Loctite 
on wrist bolts. 

g. Perform necessary gearset adjustments (refer to para¬ 
graphs 5-5-1-2 and 5-5-1-3) and POTCAL (refer to Appendix A). 
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Figure 5-26. Wrist Replacement 
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CHAPTER 6 

PARTS LIST 

This chapter provides the Parts List (Table 6-1) that may be 
required to maintain and service the PUMA 700 Series Robot. 

Table 6-1. Parts List 

NUMBER UNIMATION 

REQUIRED DESCRIPTION PART NO. 

1 •'A” Interface PCA Cite'} 6051B23G04- 

1 
It I 6°^ 

Arm Signal Interconnect Board 6050B06G01 

1 Arm Signal PCA 2D65634G01 

1 Assembly, Brake Release 6050B97G01 

1 Assembly, Brake Release Pushbutton 60 51B08G01 

1 Assembly, Cartridge, Joint 4 Gearbox 7222C80G01 

1 Assembly, Cartridge, Joint 5 Gearbox 7222C82G01 

1 Assembly, Harness, I/O Controller 
J147-P146A/P146B/P146C/P146D 

7223C97G01 

1 Assembly, Harness, I/O Controller 
J149-P148 A/P14 8 B/P14 8 C/P14 8 D 

7223C97G02 

1 
Mr^/o/v 

Assembly, Potentiometer/Encoder, 250 7223C30G01 

1 Assembly, Potentiometer/Encoder, 800 7223C30G02 

Bearing 1L03540002 

1 "A'fo Interface PCA ~L&ro 

1 Brake Release Board 6050B97G01 

1 Cable, Arm Power 2D65654G01 

1 Cable, Arm Signal 2D65653G01 

1 Cable, Ribbon 40 Pin P19-P18 6051B34G01 

i /c-v? C V ^CC -TC 2) \ 
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Table 6-1. Parts Listt 

NUMBER 
REQUIRED DESCRIPTION 

UNIMATION 
PART NO. 

1 Cable, P101 - P99/PL00/P18 6051B27G01 

1 Cable, P80 - P82 6051B41G01 

1 Cable, P81 - P83 6051B41G02 

1 Cable, Ribbon 40 Pin P117-P118 7223C73G01 

1 Cable, Ribbon 40 Pin P65-P66 6051B29G01 

1 Cable, P228-P1 (AC to VDT) 60 50B79G03 

1 Cable, P10 - P3 7223C73G01 

1 Cable, PI16 - P105 7223C73G01 

1 Cable, P146 - J147 (WX/OX 1-16) 7223C97G01 

1 Cable, PI48 - J149 (WX/OX 17-32) 7223C50G01 

1 Cable, P144 - J145/J180 (CX/Arm I/O) 7223C50G01 

1 Cable, Ribbon 40 Pin P67-68 6051B29G02 

1 Cable, Ribbon 34 Pin P90-91 6051B28G01 

1 Cable, Ribbon 34 Pin P92-93 6051B28G02 

1 Cable, Ribbon 34 Pin P103-P79 6051B31G01 

Cable, Ribbon 6 Pin P107-P108 6051B33G01 

1 Cable, Ribbon 10 Pin P94-P95 
(Front Panel Assembly) 

6051B35G01 

1 Cable, Ribbon 10 Pin P96-P97 
(Front Panel Assembly) 

6051B35G02 

1 Cable, Ribbon 10 Pin P18-P19 6051B34G01 

1 Cable, Ribbon 10 Pin P28-P89 6051B30G01 

1 Cable, Ribbon 60 Pin P59-P57 605IB32G01 

1 Cable, Ribbon 61 Pin J308-J57/J58 
(Arm Signal Interconnect PCA) 

6050B06G01 
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Table 6-1. Parts List 

NUMBER 
REQUIRED DESCRIPTION 

UNIMATION 
PART NO. 

1 Cable, Ribbon 26 Pin P88 - P17 7223C48G01 

1 Cable, Ribbon 26 Pin P84 - P85 7223C48G02 

1 Cartridge, Joint 1 7222C85G01 

1 Cartridge, Joint 2 Cartridge 1 7222C76G01 

1 Cartridge, Joint 2 Cartridge 2 7222C77G01 

1 Cartridge, Joint 3 Cartridge 1 7222C78G01 

1 Cartridge, Joint 3 Cartridge 2 7222C79G01 

1 Cartridge, Joint 3 Cartridge 3 7222C14G01 

1 Cartridge, Joint 4 Cartridge 1 7222C81G01 

1 Cartridge, Joint 5 Cartridge 1 7222C83G01 

1 Cartridge, Joint 6 6050B26G01 

1 "C" Interface PCA 2D65635G01 

1 Circuit Breaker, 10A 1L05045010 - 

1 Circuit Breaker, 2A, 115VAC 401-0316 

1 Circuit Breaker, 2A , for 115VAC/24VDC 1L05045009 
Power Supply 

1 Circuit Breaker, 20A, for Major Jt PA 1L05045014 

1 CMOS Board, 64K 6051B18G01 

1 Contact Block 1L04030013 

1 Control Backplane PCA 2D65560G01 

1 CPU (LSI-11/73) 7223C35G01 

1 Coupling, Joint 3, 4 6050B36001 

1 Coupling, Joint 5, 6 6050B37001 

1 Cover Assembly, Joint 1 Motor 7222C71G01 
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Table 6-1. Parts List 

NUMBER UNIMATION 
REQUIRED DESCRIPTION PART NO. 

1 Cover Assembly, Forearm 6050B68G01 

1 Cover Assembly, Upper Arm 6050B65G01 

1 Cover Assembly, Upper Arm End 6050B74G01 

1 Cover Assembly, Joint 1 Gear 7222C88G01 

1 Cover Assembly, Joint 2 Gear 7223C88G02 

1 CX Signal PCA 2D65596G01 

1 Digital Servo PCA 7223C89G01 

1 Fan, Cooling (Left) 7223C056G01 

1 Fan, Cooling (Right) 7223C 56G02 

1 Fan, Heat Exchanger 7223C56G01 

1 Fan Tray 2D6 5608G01 

1 Filter, Air 1L08022001 

1 Front Panel Interconnect Board 7222C7 0G01 

1 Fuse, 2 amp 32mm 1L05045001 

1 Fuse, 2.5 amp 20 mm 1L05045002 

1 Fuse, 4 amp 20 mm 1L0504 5003 

1 Fuse, 6.3 amp 20mm 1L05045004 

1 Fuse, 3 amp 32mm 1L05045005 

1 Fuse, 5 amp 32mm 1L05045007 

1 Fuse, 8 amp 32mm 1L0504 5008 

1 Gasket, Joint 6 7222C49001 

1 Harness, AC High Power 7223C43G01 

1 Harness, DC Power (Low Voltage P/S to 
Control Backplane) 

7223C46G01 

b-4 



Table 6-1. Parts List 

NUMBER 
REQUIRED DESCRIPTION 

UNIMATION 
PART NO. 

1 Harness, Main Power Input (Mk II) 6050B79G01 

1 Harness, Main Power Input (U.S.) 6050B79G02 

1 Harness, Main Power Input (Mk III) 6050B79G03 

1 Harness, Major Joint Power Amplifier 7223C47G01 

1 Harness, Signal, Internal 7222C91G01 

1 Harness, VDT Power 7227C02G01 

1 High Power Function PCA 7223C69G01 

1 I/O Signal Board 2D65644G01 

1 I/O PCA 2D65641G01 

1 Key, 5mm2 X 14 mm 1L03532006 

1 Key, 5mm2 X 16mm 1L03532007 

1 Key, 5mm2 X 18 mm 1L03532008 

1 Key, 3mm2 X 14 mm 1L03532001 

1 Key, 3mm2 X 16 mm 1L0 3 532002 

1 Key, 3mm2 X 20 mm 1L03532003 

1 Lamp, Flash Assembly 6051B10G01 

1 Lamp, Pushbutton Brake Release 1L05033008 

1 Lamp, 24 volt 1L05033005 

1 Limit Switch Assembly, Joint 1 7223C16G01 

1 Limit Switch Assembly, Joint 2 7223C16G02 

1 Limit Switch Assembly, Joint 3 7223C17G01 

Mounting Clamp, Servomotor 6050B96001 

1 Muffler, Air Exhaust 1L08014002 

1 Parallel 32/32 I/O Interface Board 301-0170 

1 Peripheral Interconnect PCA 2D65641G01 
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Table 6-1. Parts List 

NUMBER 
REQUIRED DESCRIPTION 

UNIMATION 
PART NO. 

1 Potentiometer Ring 1L03558001 

1 Power Amplifier Assembly, Major Joints 2D65*606G01 

1 Power Amplifier, Minor Joints 2D65555G01 

1 Power Backplane PCA 2D65562G01 

1 Power Supply, 115 VAC/24 VDC 7222C64G01 

1 Power Supply, Low Voltage 1L0 512000 3 

1 Power Supply, 60 V 2D65611G01 

1 Quad Serial PCA 7223C39G03 

1 Quad Serial PCA, VAL II 7223C34G01 

1 Relay. 115/24 volt 1L05058002 

Screw, Eccentric Adjusting 6050B30001 

1 Servomotor, Joints 1, 2, 3 7223C29G01 

1 \ Servomotor, Joints 4, 5 7223C31G01 

1 Servomotor, Joint 6 7223C31G02— 

1 Seal, Joints 1 and 2 1L08 000002 

1 Seal, Joint 3 1L08001001 

1 Seal, Joint 6 Input 1L08000003 

1 Seal Plate Assembly, Joints 1 and 2 6050B31G01 

1 Seal Retainer Assembly, Joint 3 6050B35G01 

1 Solenoid Valve, Pneumatic 7223C18G01 

1 Teach Pendant 2D65617G01 

Tubing, Air 1L08018001 

1 Visual Display Terminal 2D65568G01 

1 Wrist Assembly 7 <L. ! 2D65565G01 —- 
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APPENDIX A 

POTCAL PROCEDURE 

A-l. GENERAL 

The PUMA 700 series robot repeats taught points and goes to the 
proper coordinates only when the potentiometer feedback system has 
been calibrated correctly. Each robot delivered to the customer 
has been calibrated individually and has had calibration constants 
stored on the floppy diskette with the VAL II system. Although 
constants remain unchanged in CMOS memory through a power-down if 
VAL II has not been intialized, the constants may be overlayed when 
it is necessary to initialize. However, the process of changing 
some component in the drive train of a given arm changes the 
calibration constants. If it becomes necessary to change a motor, 
encoder/ potentiometer, drive shaft, or gearing, the user must 
develop calibration data on the position of the joint with respect 
to the potentiometer. The data from that process are used for 
future operations to find the absolute position of the joint. 

To develop calibration constants, the user needs a floppy diskette 
with the proper version of POTCAL diagnostic software for the type 
of robot used. The POTCAL software file is located on the system 
diskette. This diagnostic program contains the routines necessary 
to develop calibration data when the robot is carefully set up 
(paragraph A-2). Data developed by calibration must be stored on a 
floppy diskette for overlaying on default parameters when VAL II 
software is initialized. 

CAUTION 

If user changes electrical or mechanical stops 
for Joints 1 and/or 2, POTCAL procedure for 
those joints cannot be performed unless stops 
are reset to original factory setting. 

Note 

In the following paragraphs, <RETURN> 
indicates that RETURN key on terminal 
keyboard is to be pressed. 

A-2. POTCAL PROCEDURE - DEVELOPING POTCAL DATA 

Before loading the POTCAL program, the user must decide whether 
to calibrate one joint or all joints. When the POTCAL program is 
started, it uses the calibration parameters that are overlayed in 
memory as default values. If only one joint is to be calibrated, 
it is important that the correct overlay be present for the other 
joints. When the new calibration overlay for the single joint is 
stored, the values in memory for the other joints are also stored. 
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To calibrate the PUMA 700 series robot, proceed as follows: 

a. With terminal warmed up and controller power on, overlay 
latest version of calibration constants. This is done using the 
command, OVERLAY SNxxxx.OVE, where xxxx are the last four digits of 
the robot serial number. If new calibration constants are to be 
stored on the same floppy diskette, the command, DELETEF, is used 
to erase this file. After loading overlay, delete it from the 
diskette. The erasure is necessary so that POTCAL program can 
store the new data under the old name, SNxxxx.OVE. 

WARNING 

Loading POTCAL diagnostic will erase user 
programs in memory. Store needed programs 
on diskette before loading POTCAL. 

b. Load diskette containing POTCAL file into floppy disk 
drive and latch drive door. 

Note 

To locate POTCAL file name, display contents 
of diskette using FL <RETURN>. POTCAL file 
has a name containing the word POT. An ex¬ 
ample is V2POT762.020. 

c. Type "DIA <POTCAL file name>" <RETURN>. The system 
responds: 

ARE YOU SURE (Y ,N)? 

d. Type "Y" <RETURN> 

The system loads diskette as shown by red indicator light on front 
of panel of floppy disk unit. After floppy diskette is loaded, 
the following responses appear on terminal: 

POTCAL V2 for VAL-II (25FEB85) 

WARNING: Only use this potcal on a 762 (or 761) arm! 

ENTER COMMAND 
(0) CALIBRATE ALL JOINTS 
(1) CALIBRATE SINGLE JOINT 
(2) CALIBRATE ALL - ONE AT A TIME 
(3) CORRECT CALIBRATION DATA 
(4) STORE CURRENT OVERLAY 
(5) ENTER NEW DATA 

-> 
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The first line of the response indicates POTCAL diskette has 
been loaded into the system and gives the version of POTCAL 
with revision date of that version. 

The WARNING is self-explanatory. 

The ENTER COMMAND constitutes a menu of user choices. Prior to 
creating an overlay file, the choice should be either a "1" or "0" 
depending on whether one or more multiple joints require calibra¬ 
tion. After an overlay file has been created, a "4" may be 
selected to transfer data from one diskette to another. 

e. Type "1" <RETURN> or "0" <RETURN>. The system responds: 

SWITCH ARM POWER ON OR TYPE RETURN TO RESTART POTCAL 

f. Turn on ARM POWER. The system makes the following 
request: 

MOVE JOINT(S) TO MID POSITION 
MUSING THE TEACH PENDANT ONLY!! 
* * * DO NOT USE BRAKE RELEASE*** 
TYPE RETURN TO CONTINUE, POT ERRORS MARKED WITH "*" 

g. Using teach pendant in JOINT mode, move all joints to be 
calibrated to READY position as shown in Figure A-l. Check all 
joint indicators to ensure accurate positioning. 

The terminal displays an octal value for all joints. This display 
is dynamic (i.e., display values change in real time with a change 
in actual joint values). Display appears similar to following: 

JOINT 1 JOINT 2 JOINT 3 JOINT 4 JOINT 5 JOINT 6 

1000 1000 777 1000 111 1000 

Accurate calibration depends on these values falling in the range 
of 771 to 1006. If any joint is out of this range, proceed as 
follows: 

(1) Loosen encoder/potentiometer cover as follows: 
(Refer to Figure A-2.) 

(a) Loosen slotted screw on ring clamp on cap of 
encoder/potentiometer unit (robots built before March 1986). 

(b) Loosen accessible alien set screw on potentiom¬ 
eter cover (robots built after March 1986). Note: only accessible 
setscrew is tightened at assembly. 

(2) Rotate cap (turn knurled ring on cap for robots 
built after March 1986) until an octal reading of 777 is 
obtained. 

(3) Tighten screw and recheck octal reading. 
(4) After checking and/or adjusting octal joint values, 

proceed to step h. 
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Figure A-l READY Position 



CAP 

RING 
SETSCRE' 

KNURLED 
RING 

BEFORE 3/86 AFTER 3/86 

Figure A-2. Adjusting Potentiometer Cap 

h. Type <RETURN>. 

The dynamic octal display is aborted and the following appears 
on terminal: 

ENTER COMMAND: CHECK POTS (0), PERFORM CALIBRATION (1) -> 

where 

(0) CHECK POTS continue octal display. 
(1) Brings you to next step. 

i. The following menu is displayed on terminal: 

ENTER COMMAND: INDEX SEARCH (0), FAST DRIVE (1) -> 

INDEX SEARCH, the recommended command, physically stops at an index 
pulse to take a reading. FAST DRIVE moves a theoretically correct 
number of counts between indices and takes a reading. 

WARNING 

Do realize robot arm will move suddenly. 
Ensure operating area of robot arm is 
clear of all personnel and obstructions. 

j. Type "0" <RETURN>. The system responds: 

* CAUTION: ARM MOVING* 
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Simultaneously, the system begins to drive each joint through its 
entire range of motion. An indication of completion of each joint 
check is given until the following is displayed on terminal: 

JOINT 6 OKI 
JOINT 5 OKI 
JOINT 4 OK! 
JOINT 3 OK! 
JOINT 2 OK! 
JOINT 1 OK! 

ENTER COMMAND: 
(0) DISPLAY OR STORE DATA 
(1) SHOW TEST RESULTS - 1 JOINT 
(2) SHOW TEST RESULTS - ALL JOINTS 
( 3) START POTCAL 
( 4) START VAL 

-> 

The menu displayed when calibration routine is completed gives 
the user the opportunity to store or display the data, or to 
return to either the POTCAL routine or to normal VAL II program¬ 
ming . 

CAUTION 

Any errors in potentiometer/encoder system 
is reported at this stage. Record data only 
when POTCAL routine runs with no error. 

A-3. STORAGE OR DISPLAY OF POTCAL DATA 

If "0" is selected from the menu displayed in paragraph A-2, 
step j, the system responds: 

PRINT RESULTS (0), FLOPPY (1) -> 

If the PRINTER (0) option is chosen, the calibration constants 
are displayed at the terminal and can be echoed on a printer. 
A printed might be used to compare a new set of calibration 
constants against an old set. 

If FLOPPY (1) option is chosen, the data are stored on diskette. 
Data can be stored on system diskette or a blank formatted disk¬ 
ette . 

Note 

If using original file name on system 
diskette to store POTCAL data, POTCAL file 
must be deleted. 
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If (I) is selected, the system responds: 

FILE NAME (<CR> ABORTS, SNxxxx.OVE ENSURES AUTO-LOAD AT STARTUP) 

To store POTCAL data on floppy diskette, proceed as follows: 

a. Place diskette in disk drive and type a file name 
(maximum nine characters) and <RETURN>. For automatic loading 
of overlay on initialization, type SNxxxx.OVE (xxxx are the last 
four digits of robot serial number). The system responds: 

COMMUNICATING WITH FLOPPY, PRESS RETURN TO ABORT 

b. When storage procedure is completed, the system responds: 

*CAL VALUES* ARE STORED ON FLOPPY 

ENTER COMMAND: 
(0) DISPLAY OR STORE DATA 
(1) SHOW TEST RESULTS - 1 JOINT 
(2) SHOW TEST RESULTS - ALL JOINTS 
( 3) START POTCAL 
(4) START VAL 

-> 

WARNING 

Arm will move when a (4) is entered. If this 
is undesirable, turn off ARM POWER. 

c. Type (0) <RETURN> to return system for creation of another 
diskette. Otherwise, type (4) <RETURN> to return to VAL II. 

Selecting (1) <RETURN> displays test results on screen of selected 
joint number. Selecting (2) <RETURN> displays test results on 
screen of all joints. Selecting (3) restarts POTCAL. 

A-4. RECORDING TEST RESULTS IN PRINTED FORM 

If the "(1) SHOW TEST RESULTS - 1 JOINT" or "(2) SHOW TEST 
RESULTS - ALL JOINTS" options are selected in paragraph A-3, 
a printout of POTCAL data is generated on the printer terminal. 
This data can be helpful in discovering problems with the 
potentiometer and analog-to-digital conversion system. It prints 
out ENCODER POSITION, POT POSITION, POT DEVIATION, and CALIBRATION 
POSITION. 

The CALIBRATION POSITION is the expected position at each point 
during joint travel as data is collected. The ENCODER POSITION 
is the position to which the digital servo brings the joint. 
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The POTENTIOMETER POSITION shows the potentiometer reading after it 
has been converted by the new calibration constants to an equiv¬ 
alent ENCODER POSITION. The most useful data is POT DEVIATION, 
since this is a measure of the quality of the potentiometer system. 

These values should be small if the potentiometer is linear and 
without defects. It is useful to store data for a joint to check 
the quality of the potentiometer if calibration problems arise 
later. It is recommended that a printer be used with the video 
disk unit for the following procedure. If ”1" is selected from menu 
displayed in paragraph A-2, step j, the following is displayed on 
terminal: 

JOINT NUMBER = ? 

To record POTCAL data in printed form, proceed as follows: 

a. Type number of joint to be printed out (1 through 6), 
and type <RETURN>. The system responds: 

HIT RETURN TO START/STOP PRINT OUT 

b. Type <RETURN>. 

Four columns of values for the joint requested are displayed in 
following example. Numbers shown are typical only. Different 
values will actually be displayed or printed out. 

ENCODER POT. POT. CALIBRATION 
POSITION POSITION DEVIATION POSITION 

-22748 -22032 -32 -22748 
-21748 -21008 -8 -21748 
-20748 19976 24 -20748 

c. Type <RETURN>. 

system displays menu given in paragraph A-2, step j. Repeat 
"1" selection, and a new joint is displayed. Carefully record 

all values for transmittal to Unimation. The system responds: 

ENTER COMMAND: 
(0) DISPLAY OR STORE DATA 
(1) SHOW TEST RESULTS - 1 JOINT 
(2) SHOW TEST RESULTS - ALL JOINTS 
(3) START POTCAL 
(4) START VAL 

-> 

d. Type <RETURN> to return system to step a of this procedure 
for creation of another printout. Otherwise, type "3" <RETURN> to 
return system to VAL II. 
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GLOSSARY OF TERMS 

AS APPLIED TO 

THE PUMA 700 SERIES, VAL II ROBOT 

A 

"A" Interface Board 

A 16-bit parallel interface board containing EPROM boot chips. 
This board provides a communications link to and serves as the 
microprocessor side of the communications interface with the servo 

drive side of the control system. 

Accuracy 

A measurement of a deviation from a straight line or a particular 
taught point in space. Accuracy deviations are attributed to calcu¬ 
lation errors, arm geometry errors/ and poor READY location alignment. 

Address 

A number specifying the location of a unit of information stored 

in the computer memory. 

Algorithm 

A prescribed set of well-defined rules or processes used for solv¬ 
ing a certain problem. VAL II utilizes a number of algorithms to 
control arm motions. 

Alphanumeric 

Consisting of alphabetic letters/ numerals, and special symbols 
dealing with robotic and computer disciplines. 

Analog-To-Digital Converter 

An electronic circuit that converts analog signals to digital 
signals. In the PUMA system, an analog-to-digital converter is lo¬ 
cated on the "A" interface board, converting analog potentiometer 
values from the servomotors back into digital signals recognizable to 
the digital servo boards. 
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A (Cont) 

Anthropomorphic 

Resembling human form or characteristics. This term is used to 

describe the ability of the PUMA robot arm to move in a fashion 

similar to the human arm. 

Arm Interconnect Board 

Printed circuit board that interfaces signals between the robot 

controller and the robot arm. 

Arm Member 

One section of a robot arm, such as the forearm or upper arm. Also 

referred to as a link. 

Assembly Language 

A simple computer language in which each word or group of words 

represents a separate instruction. VAL is a high-level language 
that uses English-like words 

Asynchronous 

Not occurring at the same time. 

B 

" B" Interface Board 

The "B" interface board links the LSI-11/73 system through the 

"A" interface board, to the servo drive side of the control system. 

Backplane 

A device into which printed circuit boards can be plugged, 

allowing a convenient method for electrical interconnection. The 

PUMA robot controller has two separate backplanes, one for the 

control section and one for the power amplifier section. The signals 

between the backplanes are transmitted through two ribbon cables 

connecting the "A" and "B" interface boards. 
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B (Cont) 

BASIC 

Beginners All-purpose Symbolic ^Instruction Code. A simple 
computer langauge used in many micro-computer systems. The 
operational simplicity of VAL is often compared to that of BASIC. 

Baud Rate 

Bits per second. A measurement of the serial data transmission 
rate. The PUMA robot baud rates are 9600 baud for the VDT terminal, 
300 baud for the TTY terminal, 9600 baud for the floppy disk, and 
9600 baud for the teach pendant. 

Binary 

A two-digit number system that uses only zeros and ones to 
express a quantity. This system is used for all calculations in the 
computer. 

Bit 

A binary digit. The smallest unit of data in a digital computer. 

Branching 

A departure from the next sequential step in the program to 
another location in the same program or to a different program or 
subroutine. 

Boot 

To start up the robot computer operating system. The term comes 
from the idea that the computer is "pulling itself up by its boot¬ 
straps" because a small portion of VAL II, stored in the boot-up 
chips, loads the rest of VAL II stored on disk. 

Boot-up Chip 

See EPROM chip. 

Bus 

A circuit or group of circuits that provide a communication path 
between two or more devices such as a CPU, memory, and peripheral. 
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B (Cont) 

Byte 

A set of eight binary digits (bits) operated upon as one unit. 

C 

Calibration 

In the PUMA robot system, a procedure aligning an encoder zero 
reference to a specific linear potentiometer reading. This process 
provides an absolute reference for measurement of position. 

Cartesian Coordinates 

A set of three numbers defining the location of a point within a 
rectilinear coordinate system consisting of three perpendicular axes 
(X, Y, Z). 

Chip 

An integrated circuit. See IC. 

"C" Interface Board 

The "C" interface board provides power enabling functions for arm 
power and brake releasing. The "C" interface board also detects 
fault conditions in the power amplifiers, limit switch activations, 
controller overtemperature, loss of Run Indicator signal, and 
emergency stop conditions. 

Clamp 

Function of a pneumatic hand that controls grasping and releas¬ 
ing of an object. 

CMOS 

Complementary Metal Oxide Semiconductor. A type of solid state 
electronic device used for data storage. CMOS memory can be 
maintained by very small currents, and is therefore non-volatile as 
long as battery current is supplied. 
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C (Cont) 

Controller 

Major component of the PUMA robot electrical system containing 
a CPU, digital servo boards, CMOS, joint power amplifiers, inter¬ 
face boards, I/O boards, and power supplies. 

CPU 

Central Processing Unit. The unit of a computing system that 
accesses, decodes, and executes programmed instructions. The CPU 
in the PUMA Model 761/762 robot system is a DEC LSI-11/73. 

CX 

Abbreviation for any control signals that are connected to the 
CX board. These signals allow control of the PUMA system from a 
remote station, or indicate system status at a remote location. 

CX Board 

A circuit board that provides I/Os for external control signals. 
The CX board is connected to J145, which provides up to 16 external 
control signals. The connector is located on back of the controller. 

D 

Damping 

A measurement of the rate of decay of oscillation in a joint 
completing a motion. 

Default 

A condition or state that is assumed when no other information 
is given. 

Digital Servo Boards 

Printed circuit boards that develop digital servo drive infor¬ 
mation. The command signal received from the LSI-11/73 is processed 
by interpolation into an 875-microsecond command, then updated by 
comparison with position and velocity information returning from the 
arm. After digital-to-analog conversion, the signal is sent to a 
power amplifier. The PUMA robot has one digital servo board per 
joint. 
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D (Cont) 

Disk 

A rotating circular plate coated with a magnetic material such as 
iron oxide used for non-volatile data storage. In the PUMA robot 
system, a high-density double-sided mini-floppy diskette drive is 
used to both store and load user programs and software diagnostics 
on the disk. 

Disk Drive 

A device used to record information to, and load information from, 
a floppy disk; the equivalent of a tape deck. On the PUMA Model 
761/762, a disk drive built into the VDT terminal allows the loading 
and storing of data to and from the disk through VAL II commands. 

DLV11/J Quad Serial Interface Boards 

See Quad Serial Interface Boards. 

Drive Train 

A series of gears, couplings, and shafts originating at the servo¬ 
motor that rotates one arm member in relation to a second arm member 
at a given joint. 

E 

Edit 

A computer mode in the VAL II system that allows creation or 
alteration of a program. This mode is available with the robot arm 
passive or while running a program. 

Encoder 

A transducer used to convert position data into electrical 
signals. The PUMA robot system uses an incremental optical encoder 
to provide position feedback for each joint. Velocity data is 
computed from the encoder signals and used as an additional feedback 
signal to assure servo stability. An encoder in the Model 761/762 is 
housed with a potentiometer in the same unit. 

End Effector 

A gripper, hand, or tooling mounted to the end of the robot arm. 
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E (Cont) 

EPROM Chip 

Eraseable Programmable Read Only Memory. A non-volatile memory 
chip located on the "A" interface board and used to store the VAL II 
boot. Also referred to as a boot-up chip. 

F 

File 

A collection of programs and/or locations stored on the mini¬ 
floppy disk. 

Floppy Disk 

See Disk. 

Floppy Disk Drive 

See Disk Drive. 

G 

Gear 

The gear with the greater number of teeth in a gear set. 

Gear Mesh 

Refers to the contact area common to the gear and the pinion in 
a gear set. 

Gear Set 

A combination of a gear and a pinion. 

H 
Hardware 

Physical components of a computer processing system (as opposed 
to software). 
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H (Cont) 

High Power Function Board 

Printed circuit board that controls the functioning of the 40V 
motor drive voltage such that drive power to the motors is unavailable 
without VAL II control. 

I 

IC 

Integrated Circuit. A solid-state microcircuit contained entirely 
within a chip of semiconductor material, usually silicon. 

Implement 

Any tool attached to the mounting flange of the robot arm. 

Incremental Encoder 

See Encoder. 

Interconnect Cable 

A collection of wires encased in a protective sheathing. Inter¬ 
connect cables are used t'o transport power and electrical signals 
between the controller and robot arm. 

Interface 

The juncture at which two computer entities meet and communicate 
with each other. 

I/O Module 

A device consisting of AC and/or DC relays, or optoisolators used 
to interface the robot with external devices through a series of 
on/off signals. 

J 

Joint 

A single degree of arm rotation. There are six joints in the 
PUMA Model 761/762 robot arm. 
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J (Cont) 

Joint Interpolated Motion 

A method of coordinating the movement of the joints such that all 
joints arrive at the desired location simultaneously. This method 
of servo control produces a predictable path regardless of speed, 
and results in the fastest cycle time for a particular move. 

K 

K 

An abbreviation for 1000 taken from the metric term kilo. Gener¬ 
ally used as a measurement of memory capacity. A memory with a 
capacity of IK words actually has 1024 words (2^0) . 

L 

LED 

Light Emitting Diode. A solid-state device used for signal 
indication on the PUMA Model 761/762 front panel, teach pendant, and 
certain printed circuit boards. 

LED Display 

An alphanumeric display consisting of an array of LED's. 

Link 

See Arm Member. 

Location 

A definition of the position and orientation of the tool in 
space. 

Looping 

In a computer program, looping is a condition in which a set of 
instructions repeat until a terminating condition is met. Looping 
refers to either complete program repetitions or to repetition of 
certain portions of the program. 
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L (Cont) 

LSI 

Large Scale integration. High density integration of circuits 
for complex logic functions. LSI circuits can range up to several 
thousand logic elements on a 1/10 square inch silicon chip. 

M 

Microprocessor 

A class of computer having all major central processor functions 
contained on a single printed circuit board. 

Monitor Commands 

VAL II commands that control all aspects of program preparation, 
execution, status, etc. VAL II is composed of monitor commands and 
program instructions. 

Monocoque 

A method of construction using the cover plates or "skin" of an 
assembly to carry all or part of the stresses due to load and 
gravity. Use of this construction provides light weight and great 
strength to the upper arm and forearm of the PUMA robot. 

Multiplex 

The transmission of multiple data bits through a single 
transmission line by means of a "sharing" technique. 

N 

Non-Volatile 

Computer memory that is not lost when power is removed from the 
computer. Examples of non-volatile memory are EPROMs, floppy disks, 
and CMOS. 
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N (Cont) 

Null Tool 

A tool transformation that assumes the tool to be centered at 
the surface of the tool mounting flange. This is the default state 
of the system. 

0 

Operating System 

A structured set of software routines that control the basic 
functions of the computer. 

Optoisolator 

A coupling device in which a light emitting diode, energized by 
an input signal, is optically coupled to a photodectector. On the 
PUMA model 761/762, optoisolators are used on the I/O boards. 

OX 

Abbreviation for output signals connected to the WX/OX boards. 
These signals allow the PUMA system to interact with outside 
devices. 

P 

Parallel Interface 

A method of data transmission that permits transmitting a word 
at a time, rather than a bit at a time, through the use of 
parallel multiple input lines. Used where high speed input is 
required. Requires one wire for each bit in the word size. 

Peripheral's 

External devices that communicate with the computer (floppy 
disk/VDT terminal, teach pendant, TTY terminal, etc.). 

Pinion 

The gear with the fewer number of teeth in a gear set. 
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P (Cont) 

POTCAL 

POTentiometer CALibration. A service procedure used to 
recalibrate joint(s) of a PUMA system. 

Potentiometer 

A variable resistor. In the PUMA robot system, a device used on 
each servomotor to define an initial absolute position for each 
joint during the calibration process. 

Power Amplifiers 

For each joint, the output from each digital servo board is fed 
to a power amplifier, where it is amplified to voltage and current 
levels high enough to drive the servomotors. On the PUMA Model 
761/762, major joint power amplifiers are mounted on the rear door 
of the controller, while the minor joint power amplifiers are 
rack-mounted. 

Precision Point 

An arm location defined by storing joint angle information. 
Since no computations are required during playback to determine 
joint positions, this represents the most accurate method of 
storing locations. 

Program 

A complete sequence of computer instructions necessary to 
perform a specific task. 

Program Instructions 

Those instructions that define the actual steps to be taken in 
a program. VAL is composed of program instructions and monitor 
commands. 

Protocol 

A set of internal computer codes and instructions that define 
the procedures for communications between various systems within 
the computer 
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Quad Serial Boards 

Two serial interface boards used with the VAL II system for 
input from peripherals, a host processor, and smart sensors. Quad 
serial boards in the PUMA Model 761/762 are type DLV-11J. 

R 

Real Time 

Computer monitoring, control, or processing functions performed 
at the actual time of the operation of physical equipment or 
processes. 

Repeatability 

As opposed to accuracy, a measurement of the deviation between 
a taught location point and the played-back location. Under 
identical conditions of load and velocity, this deviation will be 
finer than accuracy tolerance. 

RS-232C, RS-422, RS-433 

Standard computer interface data links used by VDT and TTY 
terminals. 

S 

Serial Interface 

A method of data transmission that permits transmitting a 
single bit at a time through a single line. Used where high 
speed input is not necessary. Requires two wires. 

Servomotor 

A DC permanent magnet motor that reacts quickly and smoothly to 
changing drive level inputs. Each joint on the PUMA robot is 
driven by its own servomotor. 

G-l 3 



S (Cont) 

Software 

General term for computer programs, procedural rules, and docu¬ 
mentation involved in computer operation. 

Straight-Line Motion 

A motion of the robot during which the tool tip moves along a 
straight line. This is accomplished by an interpolation of 
intermediate locations referenced to the Cartesian coordinate 
system and a rapid transformation of these coordinates to joint 
commands. 

System 

The sum total of hardware necessary for the operation of a 
product. The basic PUMA robot system consists of the robot arm, 
controller, teach pendant, and VDT/disk drive unit. 

T 

Teach Pendant 

A device containing controls that manually manipulate the 
robot arm and allow for the recording of locations and program 
motion instructions. The teach pendant also displays error and 
status messages. 

Terminal 

Peripheral device through which the user can communicate with 
the computer. (See VDT and TTY Terminals.) 

Tool 

A term used loosely to define something mounted on the end of 
the robot arm; for example, a hand, a simple gripper, or an arm 
welding torch. 
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Tool Mode 

A manual control mode that allows one to move the robot tool 
in the coordinate system defined by the tool transformation. For 
example, pressing one pushbutton on the teach pendant results in 
the coordinated motion of all joints to produce a linear motion 
of the tool along its own axis. 

Tool Transformation 

The definition of the physical location of the tool tip with 
respect to the tool flange. 

Transformation 

A definition of a physical location of the robot arm with 
respect to a Cartesian coordinate system. The other type of 
location is a precision point that records the joint angle of the 
robot. 

TTY 

Teletypewriter. Often used to describe a printing (hard-copy) 
terminal. 

TTY Terminal 

A typewriter keyboard combined with a hard-copy printer. 

U 

up 

Shorthand for microprocessor. 

V 

VAL II 

Versatile Assembly Language II. Computer language of the 
PUMA robot system. VAL II is an advanced high-level programming 
language as well as a complete robot control system. VAL II 
software resides in CMOS, and can also be loaded from disk. 
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VDT 

Video Display Terminal. Often used to refer to a video 
computer terminal. Also known as a cathode ray tube (CRT) or a 
video display unit (VDU). 

VDT/Disk Drive Unit 

A standard typewriter keyboard combined with a video unit 
and a disk drive. Used to communicate with VAL. 

W 

World Mode 

A manual control mode that allows movement of the robot tool 
in the coordinate system fixed to the base of the arm. 

WX 

Abbreviation for input signals connected to the WX/OX boards. 
These signals allow the PUMA system to interact with outside 
devices. 

Z 

Zero Index 

During calibration, this refers to the index mark on the 
incremental encoder. If no Zero Index is found during 
calibration, consult your equipment manual. 
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T 

TEACH indicator, teach pendant . 3-27 
TEACH/PAUSE/RUN selector switch, controller . 3-6 
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22 VDC PRESENT indicator . 5-11 
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Please comment on the following: 

Usefulness- 

row 

Readablity- 

Errors (please give page numbers)- 

Suggested Additions and Deletions- 

foid 

Name _ 

Company _ 

Position _ 

Address _ 

City _ State _ Zip 

Phone__— 

FOLD ON DASHED LINES. STAPLE AND MAIL 
No postage necessary if mailed in U S A. 
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